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PREFACE 

TO    THE    THIRD    EDITION. 


Tmib  compendious  treatise  is  desigaed  to  fornish  claasea 
in  oar  schools  and  colleges  witb  a  suitable  text-book  of 
Structural  and  Physiological  Botany,  as  well  as  private 
students  with  a  convenient  introductory  manual,  -adapted 
to  the  [H'esent  condition' of  the  science.  The  favor  with 
which  the  former  editions  have  been  received,  while  it  has 
satisfied  the  author  that  the  plan  of  the  work  is  welt 
adapted  to  the  end  in  view,  has  made  him  the  more  desir- 
ous to  improve  its  execution,  and  to  render  it  a  better  ex- 
ponent of  the  present  state  of  Physiological  Botany.  To 
this  end  the  structural  and  physiological  part  of  the  work 
has  been  again  almost  entirely  rewritten  for  this  Third  Edi- 
tion, and  much  enlarged.  The  chapter  on  the  Elementary 
Structure  of  Plants,  or  Vegetable  Anatomy,  the  sections  pa 
the  Internal  Structure  of  the  Stem,  on  Fhyllotaxis  and  its 
relations  to  floral  stmctnre,  and  on  the  Symmetry  and 
Morphology  of  the  Flower,  may  be  particularly  adverted  to, 
as  having  been  altogether  recast  and  greaUy  extended. 
The  want  of  space  and  time  has  prevented  a  similar  exten- 
sion of  the  systematic  part  of  the  work,  especially  of  the 
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lUnstratioDB  of  the  Natural  Orders.  This  portion,  however 
ampli&ed,  could  never  take  the  place  of  a  Flora,  or  System 
of  Plants,  but  la  designed  merely  to  give  a  general  idea  of 
the  distribution  of  the  vegetable  kingdom  into  families, 
&c.,  with  a  cursory  notice  of  their  structure,  distribution, 
properties,  and  principal  useful  products.  The  student 
who  desires  to  become  acquainted,  as  he  should,  with  the 
plants  that  grow  spontaneously  around  him,  will  neces- 
sarily use  some  local  Flora,  such,  for  example,  as  the  an- 
ther's Miiutal  of  the  Botany  of  ihe  Northern  United  Slates. 
For  particular  illustrations  the  botanist  may  advantageous- 
ly consult  the  Genera  of  the  Plants  of  the  United  States, 
illustrated  by  Figures  and  Analyses  from  Nature,  of  which 
two  volumes  have  been  published. 

By  permission  of  the  Secretary  of  the  Smithsonian  Id* 
etitudon,  the  &gures  No.  20-22,33,37,  105-110,  130- 
133,  136,  136,  159,  160,  and  161  - 164,  are  copied  from 
original  sketches  made  for  the  Introduction  to  a  Report  on 
the  Trees  of  the  United  States,  now  in  preparation  by  the 
author,  for  that  Institution. 


The  changes  in  this  Fourth  Edition  are  comparatively 
small;  consisting  of  corrections  and  minor  alterations, 
especially  in  the  parts  which  relate  to  Vegetable  Anatomy 
and  Physiology,  and  in  the  addition  of  a  short  chapter  on 
the  Fecundation  of  Cryptogamons  or  Flowerless  Plants. 

Haktasd  Uhivbuitt,  CAMBKiDOB,H»rdi,  1853. 
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BOTANICAL    TEXT-BOOK. 


INTKODUCTION. 

OENBRAb   SimVBY   OP   THE    BCIBHCE. 

1.  BoTANT  is  the  Natural  History  of  die  Vegetable  Kingtlom. 
The  vegetable  kingdom  consists  of  those  beiDgs  (called  plants) 
wfaich  deriye  tbeir  sustenance  from  the  mioeial  kiagdom,  that  is 
from  the  earth  and  air,  and  create  the  food  upon  which  animals 
lire.  The  prot^  of  this  proposition  will  be  hereaHer  afforded,  in 
tbe  chapter  upon  the  food  and  nntriiion  of  plants.  The  vegetable 
kingdom,  therefore,  occupies  a  position  between  the  mineral  and 
the  animal  kingdoms.  ComprehMisively  considered.  Botany  nc 
cordii^y  embraces  every  scientific  inquiry  that  can  be  made 
respecting  plants,  —  their  nature,  their  kinds,  the  laws  which  gor- 
ero  themt  and  tbe  part  they  play  in  the  general  economy  of  the 
world, — their  relations  both  to  the  lifeless  mineral  kingdom  below 
them,  from  which  they  draw  their  sustenance,  and  to  the  animal 
kingdom  above  tbem,  endowed  with  higher  ritali^,  to  which  in 
turn  they  render  what  they  have  thus  derived. 
'  2.  There  are  three  aspects  under  which  the  vegetable  woiM 
may  be  contemplated,  and  from  which  the  various  departments  of 
die  science  natumlly  arise.  Plants  may  be  considered  either  as 
individual  beings ;  or  in  tbeir  relations  to  each  other,  as  collec- 
tirely  CMWtituting  a  systematic  unity,  that  is,  a  vegetable  kingdom  ; 
at  in  tbeir  relations  to  other  parts  of  the  creation,  —  to  the  earth, 
to  ammals,  to  man. 

8.  Under  tbe  firat  aspect,  namely,  when  our  attmtion  is  direct- 
ed to  the  plant  as  an  individual,  we  study  its  nature  and  structure, 
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ibe  kind  of  life  with  which  it  is  endowed,  the  organization  tfarough 
which  its  life  is  maDifested  ;  —  in  other  words,  how  the  plant  lives 
and  grows,  and  fulfils  its  destined  offices.  This  is  the  province  of 
PHYSIOLOGICAL  BOTANY.  It  comprises  a  knowledge,  1st, 
of  the  intimate  structure  of  the  plant,  the  minute  machinery 
through  which  its  forces  operate;  —  this  is  the  special  held  of 
Vegetable  Akatomt;  —  and,  2d,  of  the  plant's  external  con- 
formation, the  forms  and  arrangement  of  the  several  organs  of 
which  it  is  composed,  the  taws  of  symmetry  which  fix  their  posi- 
tion, and  the  modifications  they  respectively  undergo,  whether  in 
different  species,  under  different  conditions,  or  in  a  single  Individ- 
tial  during  the  successive  stages  of  its  development.  This  branch 
of  the  science  is  variogsly  called  OBGAMoaRAPHT  (the  study  of  the 
oi^ans),  or  Mobfholoot  (the  study  of  their  various  modifications 
in  form,  according  to  the  office  diey  are  destioed  to  subserve),  or 
SxROCTtiBAL  BoTANT ;  and  nearly  corresponds  with  what  is  termed 
Comparative  Anatomy  in  the  animal  kingdom.  Under  both  these 
aspects,  (whether  we  study  their  interior  ttrueture,  or  their  external 
conformation,)  the  plant  is  viewed  as  a  piece  of  machinery,  adapt- 
ed to  effect  certain  ends.  The  study  of  this  apparatus  in  actioo, 
endowed  with  life,  and  fulfilling  the  pui]>oses  for  which  it  was 
constructed,  is  (be  province  of  Vegetable  Phtsiologt,  strictly  so 
called. 

4.  The  subjects  which  Physiolc^ical  Botany  embraces,  namely. 
Vegetable  Anatomy,  Ofgant^rapby,  and  Physiology,  therefore, 
spring  naturally  from  the  study  of  vegetables  as  individuals,  — 
from  the  contemplation  of  an  isolated  plant  throughout  the  course 
of  its  existence,  from  germination  to  the  flowering  state,  and  the 
production  of  a  seed  like  that  from  which  the  parent  stock  origi- 
nated. These  branches  would  equally  exist,  and  would  form  a 
highly  interesting  study,  (analogous  to  human  anatomy  and  physi- 
ology,) even  if  the  vegetable  kingdom  were  restricted  to  a  single 
species. 

5.  But  the  science  assumes  an  immeasurably  broader  interest 
and  more  diversified  attractions,  when  we  look  upon  the  vegetable 
creation  as  consisUng,  not  of  wearisome  repetitions  of  one  particu- 
lar fonn,  in  itself  however  perfect  or  beautiful,  but  as  composed  of 
thousands  of  species,  all  constructed  upon  one  general  plan.  In- 
deed, but  this  plan  modified  in  each  according  to  the  rank  it  holds, 
and  the  circumstances  in  which  it  is  placed.    This  leads  to  the 
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Mccmd  great  department  of  the  acieoce,  namely,  SYSTEMATIC 
BOTANY,  or  the  study  of  plants  m  their  relatk»»  to  one  another; 
as  fonning  a  vegetable  kingdom,  which  erabraces  aiK  immense 
number  of  species,  more  or  less  like  each  other,  and  there- 
fore  capable  of  being  grouped  into  kinds  or  genera,  into  orden, 
etasiea,  &c. 

6.  Thus  arises  CussiPiciTioit,  or  the  arrangement  of  plants  in 
systematic  order,  so  as  to  show  their  relationships  (  also  SrscuL 
DBSCKimvE  BoTANT,  embracing  a  scientific  accouat  of  all  known 
plants,  designated  by  prc^r  names,  and  distinguished  by  clear 
and  exact  descriptions.  Necessarily  connected  with  these  depart- 
ments is  Tbrmikoloot  or  Glossoloot,  which  relates  to  the  appli- 
cation of  distinctive  names  or  terms  to  tbe  several  organs  of  plants, 
and  to  their  numberiess  modifications  of  form,  &c.  The  accom- 
plishment of  this  object  renders  necessary  a  copious  vocabulary  of 
technical  terms ;  for  the  current  words  of  ordinary  language  are 
not  sufliciently  numerous  or  precise  for  this  purpose.  New  terms 
are  therefore  introduced,  for  accurately  expressing  the  great  vari- 
ety of  new  ideas  to  which  the  exact  compertson  of  plants  gives 
nae ;  and  thus  a  techoical  language  has  gradually  been  formed, 
in  this  as  in  every  other  scietice,  by  which  the  botanist  is  able  to 
describe  the  objects  of  his  study  with  a  perspicuity  and  brevity  not 
otherwise  att^nable. 

7.  These  several  departments  include  the  whole  natural  history 
of  the  vegetable  kingdom,  considered  independently.  But,  under 
a  third  point  of  view,  plants  may  be  contemplated  in  respect  to 
their  relatioilh  to  other  parts  of  the  creation ;  whence  arises  a  se- 
ries of  interesting  inquiries,  which  variously  connect  the  science 
of  Botany  with  Chemistry,  Geology,  Physical  Geography,  &.G. 
Thus,  the  relations  of  vegetables  with  the  mineral  kingdom,  consid- 
ered as  to  their  influence  upon  the  soil  and  the  air, — as  to  what 
vegetation  draws  from  the  soil  and  what  it  imparts  to  it,  what  it 
takes  from  and  what  it  renders  to  the  air  we  breathe  ;  and,  again, 
the  relations  of  the  vegetable  to  tbe  animal  kingdom,  considered  as 
furnishing  sustenance  to  the  latter,  and  the  mutual  subservience  of 
plants  and  animals  in  the  general  economy  of  the  world,  —  all 
these  inquiries  belong  partly  to  Chemistry,  and  partly  to  Vegeta- 
ble I^ysiology  ;  while  the  practical  deductions  from  them  lay  the 
foundation  of  scientific  Agriculture,  &c.  The  relations  of  plants 
to  dte  earth,  considered  in  reference  to  their  natural  distribution 


,y  Google 


U  ntTROEncnoK 

over  iti  suHkce  and  the  kwa  that  regutste  H,  especially  as  cfflt- 
jsacted  with  ths  aotoal  diBtributioB  of  those  natanl  agents  which 
ebiefly  influence  vegetation,  ludi  as  beat,  light,  water,  &e.,  (te 
ether  wordSf  with  clioBate,)  give  rise  to  Gbogbafbical  Botaitt,  « 
subject  wtuch  CDBDBcts  Botany  with  Physical  Oeogmphy,  VnAoi 
the  same  general  department  naturally  falls  the  consideration  of 
ttte  changes  which  the  vegetable  kingdom  has  undei^ne  in  times 
aateriw  to  the  present  state  of  things,  as  studied  io  their  fEwsil  t«- 
maios,  (a  contributiaB  which  Botany  oders  to  Geol<^,)  as  well  as 
ttf  those  changes  which  man  has  efiected  ia  the  natunl  distribution 
at  plants,  and  the  alterations  in  ibeir  properties  or  products  which 
have  been  deveUtped  by  culture. 

8.  Of  tbeee  three  great  d^tartments  of  the  science,  that  of 
Phynological  Botany,  forming  as  it  does  the  basia  of  all  the  rest, 
fiiM  demands  tha  atodent's  attentioD. 
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PART   I. 
STRUCTURAL  AND  PHYSIOLOGICAL  BOTANY. 


9.  Thb  principal  subjects  which  belong  to  this  departmeat  of 
Bot&ny  may  be  considered  in  the  most  simple  and  natural  order 
by  tracing,  as  it  were,  the  biography  of  the  vegetable  through  the 
auccessive  stages  of  its  existence,  —  the  development  of  its  essen- 
tial organs,  root.  Hem,  and  foliage,  the  various  forma  they  assume, 
the  offices  they  severally  perform,  and  their  combined  action  in 
carrying  on  the  processes  of  vegetable  life  and  growth.  Then  the 
ultimate  development  of  the  plant  in  flowering  and  fructification 
may  be  contemplated,  —  the  structure  and  office  of  the  flower,  of 
the  fruit,  the  seed,  and  the  embryo  plant  it  coolains,  which,  alter 
remaining  dormant  for  a  time,  is  at  length  aroused  by  the  influence 
of  common  physical  agents,  (warmth,  air,  and  moisture  conjoined,) 
and  in  germination  developes  into  .a  plant  like  the  parent ;  thus 
completing  the  cycle  of  vegetable  Ufe.  A  prelimmary  question, 
however,  presents  itself.  To  understand  how  the  plant  grows  and 
fbnns  ita  various  ports,  we  must  first  ascertain  tnhat  planU  are 
made  of. 


CHAPTER     r. 

OP   THE   BLEUENTARY    STRUCTURE    OF    PLANTS. 

Sect.  I.    Op  Obganization  in  Gekebal. 

10.  Tte  Elenttltuy  Coiltitllflan  of  RUU.  In  considering  the 
materials  of  which  vegetables  are  made,  it  is  not  necessary  at  the 
oolset  to  inquire  particularly  into  their  ekemieal  or  ultimate  oom- 
poahion,  that  which  they  have  in  common  with  the  mineral  world. 
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The  chemistiy  of  vegetation  may  be  more  advantageously  treated 
of  hereafter.  As  they  derive  all  the  tnateriaU  of  their  fabric  from 
the  earth  and  air,  plants  can  possess  no  simple  element  which 
these  do  not  supply.  They  may  take  in,  to  some  extent,  almost 
every  element  which  is  thus  supjdied.  Suffice  it  for  the  present  to 
say,  however,  that,  of  the  about  sixty  simple  substances  now  recog- 
nized  by  chemists,  only  four  are  essential  to  vegetation  and  are 
necessary  conetituents  of  the  vegetable  structure.  These  are  Car- 
bon, Hydrogen,  Oxygen,  and  Nitrogen.  Besides  these,  a  few 
earthy  bodies  are  regularly  found  in  plants,  in  small  and  varying 
proportions.  The  most  important  of  them  are  Sulphur  and  Phoi- 
pharut,  which  are  thought  to  take  an  essential  part  in  the  forma- 
tion of  certain  vegetable  products,  Potasmtm  and  Sodium,  Ca/emm 
and  Magnesium,  SiKeon  and  Aluminum,  Iron  and  Mangonete, 
Chlorine,  Iodine,  and  Bromine.  None  of  these  elements,  how- 
ever, are  of  universal  occurrence,  or  are  actual  components  of  any 
vegetable  tissue ;  they  occur  either  among  the  mslerials  which  are 
deporited  on  the  walls  of  the  cells  or  collected  within  them. 

11.  IMr  HrfKBlt  CoMtHntiini.  Although  plants  and  animals 
have  no  peculiar  elements,  though  the  materials  from  which  their 
bodies  spring,  and  to  which  they  return,  are  common  earth  ani 
air,  yet  in  them  these  elements  are  wrought  into  something 
widely  different  from  any  form  of  lifeless  mineral  matter.  Un- 
der the'  infhieDce  of  the  principle  of  life,  in  connection  with 
which  alone  such  phenomena  are  manifested,  the  three  or  foUr 
simple  constituents  efTect  peculiar  combinations,  giving  rise  to  a 
few  organixable  element!  (27),  as  they  may  be  termed ;  because  of 
them  the  organiied  fabric  of  the  vegetable  or  animal  is  directly 
built  up.  This  fabric  is  in  a  good  degree  similar  in  all  living 
bodies;  the  solid  parts  or  tiasuet  in  all  assuming  the  form  of  thin 
membTBDes  or  filaments,  arranged  so  as  to  surround  cavities,  or 
form  the  walls  of  tubes,  in  which  the  fluids  are  contained.  It  is 
called  organixed  itntcture,  and  the  bodies  so  composed  are  called 
organized  bodies,  because  such  fabric  consists  of  parts  cooperat- 
ing with  each  other  as  instruments  or  organs  adapted  to  certain 
ends,  and  through  which  alone  the  living  principle,  under  whose 
influence  the  structure  itself  was  built  up,  is  manifested  in  phe* 
nomena  which  the  plant  and  animal  exhibit.  There  is  in  every 
o^ianio  fabric  a  necessary  connection  between  its  conformatioft 
and  the  actions  it  is  destined  to  perform.    This  is  equally  true  of 
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the  minute  itructure,  or  tissues,  theimetres,  as  rerealed  bj  ttw 
inicroacape,  and  of  the  l&rger  organs  which  the  tissues  forni  in  hQ 
plants  ukS  animals  of  the  higher  gpdes,  such  as  a  leaf,  a  petal,  or 
a  tendril,  a  band,  an  eye,  or  a  muscle.  The  twm  organixtUian 
formerly  referred  to  the  poesession  of  organs  in, this  lai^r  sense. 
It  is  now  rec<^ized  to  apply  quite  as  well  to  the  intimate  struc- 
ture of  these  larger  parts,  themselves  made  up  of  smaller  organs 
through  which  the  rital  forces  directly  act. 

13.  DbUKtiaiii  Mweea  WHnli  iaA  O^soiiid  Mt^     la  no 

sense  caa  mineral  bodies  be  said  to  hare  organs,  or  parts  subor- 
dinate to  a  whole,  and  together  making  up  an  individual,  or  an 
denized  structure  in  any  respect  lUce  that  which  has  just  beaa 
spoken  of,  and  is  soon  (in  respect  to  plants)  to  be  particularly  de- 
scribed. Without  attempting  to  contrast  mineral  or  unorganized 
with  -organized  bodies  In  all  respects,  we  may  briefly  state  thai  the 
latter  are  distinguished  from  the  forrrwr,  —  1.  By  pormUige : 
plants  and  animals  are  always  produced  under  the  influence  of  a 
living  body  similar  to  tbemgelves,  or  to  what  they  will  become,  in 
whose  life  the  offipring  for  a  time  participates ;  while  in  mineiala 
there  is  do  relatioa  like  that  of  parent  and  oKpring,  hot  tbey  are 
fonned  directly,  either  by  the  aggregation  of  similar  particles,  or 
by  the  union  of  unlike  elements  combined  by  chemical  affinity,  in- 
dependent of  the  influence,  and  utterly  irrespective  of  the  previous 
ensieace,  of  a  similar  thing.  2.  By  their  deveiopment :  plants 
ami  animals  develope  from  a  germ  or  rudiment,  and  ran  through 
a  course  of  changes  to  a  state  of  maturity ;  the  mineral  exhibits  no 
phases  in  its  existence  answering  to  the  states  of  germ,  adoles- 
eenoe,  and  maturity,  —  has  no  course  to  run.  3.  By  their  mode 
of  growth :  the  former  increasing  by  processes  through  which  for- 
ego materials  are  taken  in,  made  to  permeate  their  interior,  and 
deposited  MtersIilfoJ/jr  among  the  particles  of  the  previously  ex- 
isting substance  ;  that  is,  they  are  nourished  by  food  ;— while  the 
latter  are  not  nourished,  nor  can  they  properly  be  said  to  grow  in 
any  way;  if  they  increase  at  all,  it  is  merely  by/ttriofMxiJMM,  and 
because  fresh  matter  happens  to  be  deposited  on  their  external 
surface.  4.  By  the  power  of  astimilatiim,  or  the  faculty  that 
plaDts  and  animals  alone  poesess  of  converting  the  pn^r  foreign 
materials  they  receive  into  their  own  peculiar  substance.  5.  Con- 
nected with  assimilation,  as  a  part  of  the  fuaction  of  nutrition, 
which  can  in  no  Mose  be  predicated  of  minerats,  is  the  state  of 
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imUnuU  Mtwitf  and  nmreasimg  cka*gt  in  liTing  bodiea ;  Umm 
cotwtantty  undei^iag  decompositioa  and  recompositioa,  putklM 
which  have  served  their  turn  being  continualijr  thrown  out  of  the 
S3r«tem  u  new  onea  are  tmxight  in.  Thta  it  true  both  of  pUoU 
and  animal*,  but  more  fully  of  the  latter.  Tbe  mineml,  tm  the 
coDtraiy,  ia  in  a  state  of  permanent  internal  repose :  whoever 
cbangea  it  undergoes  are  owing  to  the  action  of  some  extraneous 
force,  not  to  any  inherent  power.  This  holds  true  even  in  respect 
lo  the  chemical  combinations  which  occur  in  the  mineral  and  in 
the  organic  kingdoms.  In  the  former  they  are  stable ;  in  the  lat- 
ter they  are  leas  ao  in  proportion  as  they  are  the  more  under  the 
influence  of  the  vital  principle  ;  as  if  iu  the  slate  of  unstable  equi- 
librium, a  comparatively  slight  force  laducea  letrt^rade  changes, 
through  which  they  tend  to  reassuroe  the  permanent  mineral  stale. 
6-  Consequently  the  duration  of  living  beings  is  limited.  They 
are  developed,  they  reach  maturity,  they  support  themselves  for  a 
tinte,  and  then  perish  by  death  sooner  or  later.  Mineral  bodies 
have  DO  life  to  lose,  and  contain  no  internal  principle  of  deatruc- 
tiofl.  Once  formed,  they  exist  until  destroyed  by  some  external 
power ;  they  lie  passive  under  the  control  of  physical  forces.  As 
they  were  formed  irrespective  of  the  existence  of  a  similar  body, 
and  hav«  no  self-determining  power  while  they  exist,  so  they  have 
no  power  lo  determine  the  production  of  like  bodies  in  turn.  The 
OT^anized  being  perishes,  indeed,  from  inherent  causes ;  but  not 
imtil  it  has  produced  new  individuals  like  itself,  to  take  its  place. 
The  faculty  of  reproduction  is,  therefore,  an  essential  character- 
ittic  of  oi^nized  beings. 

18.  bdirUulk  The  maas  of  a  mineral  body  has  do  necessary 
Ijmita ;  a  piece  of  marble,  or  even  a  ciysta)  of  calcareous  spar, 
may  be  mechanically  divided  into  an  indefinite  number  of  parts, 
each  one  of  which  exhibits  all  the  properties  of  the  mass.  It  is 
only  figuratively  that  we  speak  of  a  mineral  individual.  Plants 
and  animals,  on  the  contrary,  exist  only  as  individual* ;  that  ia, 
as  beings  composed  of  parts  together  constituting  an  independent 
whole,  which  can  be  divided  only  by  mutilation.  Each  may  have 
the  faculty  of  tetf-dintion,  or  of  making  ofthoots,  which  become 
new  and  complete  individuals.  It  is  in  this  faculty,  indeed,  com- 
prehensively considered,  that  reproduction  consists.  The  indi- 
viduality is  no  leas  real  in  those  aoiroala  of  lower  grades,  and  in 
plants,  where  successive  generations  of  individuate  remain  more 
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or  lev  wutei  wiA  the  pwent,  instead  of  Kpiirating  while  the  off> 
spriog  IS  in  the  embryo  or  infutile  state. 

M.  Ipecki.  This  BucoeMi<Hi  of  individmls,  each  deriving  its 
exirteiice  with  all  its  peculiarities  from  a  Bimilar  aataced^it  liriog 
body,  aad  traaBrnitting  it  wHh  its  peculiarities  essetitially  uochaoged 
from  genenuioD  to  geoeratioa,  gives  tbe  idea  of  tpeciea ;  a  tenn 
vdiicb  essentially  belongs  to  (M^aoic  nature,  and  which  is  applica- 
ble only  by  a  figure  of  ^wech  lo  ioMganic  thiogs.  By  species  w« 
neao,  abaUmetly,  tbe  type  or  original  c^  each  sort  of  plant,  or  ani- 
nal,  thus  represented  in  time  by  a  perennial  succession  of  like  indi- 
viduals :  or,  concretely^  tbe  species  is  tbe  sum  of  such  indiriduals. 

IS.  lift.  Alt  these  peculiarities  of  organised,  ss  coDtnste4 
with  inorganic  bodies,  will  be  seen  to  depend  upon  this ;  that  the 
former  are  living  beings  or  their  products.  Tbe  great  charaeter- 
istie  o(  plants  and  animals  is  life,  which  these  beings  enjoy, 
but  minerals  do  not.  Of  tbe  essential  nature  of  the  vitality 
which  so  controls  the  metier  it  becomes  connected  with,  and  of 
lh»  nature  of  the  connection  between  (As  living  principU  and  tk» 
mrgamatd  smtdwr,  we  aro  wholly  ignorant  We  know  nothing 
of  life  except  by  tbe  pbeoomena  it  manifests  in  organized  stiue- 
tnres.  We  have  adverted  only  to  some  of  tbe  most  universsl  of 
Ibeae  pbenomena,  those  wluch  are  common  Vt  every  kind  uf  orga^ 
ioed  being.  Bui  these  are  so  essentially  different  from  tbe  mani* 
ieslations  of  any  recognized  physical  ftwce,  that  we  are  compelled 
to  attribute  them  to  a  special,  superphysical  principle.  As  we 
lise  in  the  scale  of  organized  structure  through  the  different  grades 
of  the  animal  creation,  the  superadded  vital  manifestations  become 
more  and  mora  striking  and  peculiar.  But  the  fundamental  cha^ 
aeierisiics  of  living  beings,  fboee  which  all  enjoy  in  common,  and 
which  necessarily  give  rise  to  all  the  peculiarities  above  enumer* 
ated  (12),  are  reducible  to  two;  namely, —  1.  the  power  of  telf- 
mgiport,  or  at»imilaiion,  that  of  nourishing  themselves  by  involv* 
ing  surrounding  mineral  matter  and  converting  it  into  their  own 
proper  substance  ;  by  which  individuals  increase  in  bulk,  or  grow» 
and  maintain  their  life :  2.  the  power  of  self-divinoii  or  reprv- 
iMctiim,  by  which  they  increase  in  numbers  and  perpetuate  the 
species.* 


'  A  dagia  itrUdBg  iltutratian  usj  Mt  botfa  pointi  in  a  strong  ligbi.    The 
bra  (/  ths  fl«rii-i7  pos»w»»i  Midi  powv  ol  asumilatioa,  tbal  it  will  inocue 
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16.  fiUfelHUt  brtwen  TesntaUn  Ud  ilimall.  The  distinction  be- 
tween vegetable!  and  minerals  is  therefore  well  defined.  But 
the  line  of  demaTcation  between  plants  and  animals  —  the  two 
kingdoms  of  organized  beings  subject  to  the  same  general  laws  — 
b  by  no  means  so  readily  drawn.  Ordinarily,  there  can  be  no 
difficulty  in  dislloguishing  a  vegetable  from  an  animal.  But  the 
questionable  caaes  occur  on  the  lower  confines  of  the  two  king- 
doms, which  descend  to  forms  of  the  greatest  possible  simplicity 
of  structure,  and  to  a  minuteness  of  size  that  baffles  observa- 
tion. Even  here  the  uncertainty  is  probably  attributable  rather  to 
the  imperfection  of  our  knowledge,  thaq  to  any  confusion  of 
the  estentiai  characteristics  of  the  two  kinds  of  beings.  It  may 
therefore  be  less  difficult  to  deAne  them,  than  to  apply  the  defini- 
tions to  the  actual  discrimination  of  the  lowest  plants  from  the 
lowest  animals.  The  essential  characteristics  of  vegetables  are 
doubtless  to  be  sought  in  the  position  which  the  vegetable  kingdom 
occupies  between  the  mineral  and  the  animal,  and  In  the  general 
office  it  fulfils.  Plants,  according  to  the  definition  given  at  tbe 
outset  (1),  are  those  organized  beings  that  live  directly  upon  the 
mineral  kingdom,  that  grow  at  the  immediate  expense  of  the  sur- 
founding  earth  and  air.  They  alone  convert  inorganic,  or  mioeral, 
into  organic  matter ;  while  animals  produce  none,  but  draw  their 
whole  sustenance  from  the  organized  matter  which  plants  have 
thus  elaborated.  Plants,  having  the  most  intimate  relations  with 
the  mineral  world,  are  generally  fUed  to  the  earth,  or  other  sub- 
stance upon  which  they  grow,  and  the  mineral  matter  on  which 
they  feed  is  taken  directly  into  their  system  by  absorption  from 
without,  and  assimilated  under  the  influence  of  light  in  oz^ns 
exposed  to  the  air ;  while  animals,  endowed  with  volition  and  ca- 
pable of  receiving  external  impressions,  have  the  power  of  select- 
ing the  food  ready  prepared  for  their  nourishment,  which  ia  re- 
■  ceived  into  an  internal  reservoir  or  stomach.*     The  proper  tissue 


ita  own  weight  two  haiMlred  times  in  iwenty-ftitir  honn;  and  Bn<^h  conseqaent 
power  of  reprDdaelion,  that  Linnmu  perhapi  did  not  exaggerate,  when  ba 
affirmed  that  "  tliree  flesh-fliei  would  devonr  the  carcau  of  a  horse  u  qnickly 
u  would  a  lion." 

*  The  facility  of  locomotion,  and  even  that  of  "making  moveinenta  lending 
to  a  delerminBte  end,"  cannot  be  denied  to  many  planu.  Doubtless  the  sensi- 
bilitj  to  eilemal  impreuiooa,  which  some  pUnta  lO  Mrikinglj  manifest,  dou 
not  ainoniit  to  perception :  on  Iha  other  hand,  that  the  lomat  anim^  posMM 
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oT  plants,  nioreover,  is  composed  of  tbree  elements  ouly ;  namely. 
Carbon,  Hydrogen,  and  Oxygen.  The  tissue  of  animals  com- 
prises a  fourth  element.  Nitrogen.  Plants,  as  a  necessary  result  of 
■ssimiiating  their  inorganic  food,  decompose  carbonic  acid  aod 
restore  its  oxygen  to  the  atmosphere.  Animals  in  respiration  con- 
tinually recompose  carbonic  acid,  at  the  expense  of  the  oxygen  of 
the  atmosphere  and  the  carbon  of  plants.  These  definitions  will 
be  verified,  extended,  and  illuBtraled  in  the  progress  of  this  work. 


Sect.  II.    Of  the  Cells  ahu  Cellulas  Tissue  of  Plants  im 
^    Genebal. 

17.  The  question  recurs,  What  is  the  organized  fabric  or  tissue- 
of  plants,  and  how  is  vegetable  growth  effected  ?  The  stem, 
leaves,  and  fruit  appear  to  ordinary  inspection  to  be  formed  of 
smaller  parts,  which  are  themselves  capable  of  division  into  stilL 
smaller  portions.     Of  what  are  these  composed  ? 

IS.  Gcflnlar  Stractnn.  To  obtain  an  answer  to  (his  question,  we 
examine,  by  the  aid  of  a  microscope,  thin  slices  or  sections  of  any 
of  these  parts,  such,  for  example,  as  the  young  rootlet  of  a  seed- 
ling plant  A  magnified  view  of  such  a  rootlet,  as  in  Fig.  1,  pre- 
sents on  the  cross-section  the  appeamnce  of  a  network,  the  meshes 
of  which  divide  the  whole  space  into  more  or  less  regular  cavi- 
ties. A  part  of  the  transverse  slice  more  highly  magnified  (Fig.  2). 
shows  the  structure  with  greater  distinctness.  A  perpendicular 
■lice  (Fig-  3)  exhibits  somewhat  similar  meshes,  showing  that  the 
cavities  do  not  run  lengthwise  through  the  whole  root  without  Id- 
terruplion.  In  whatever  direction  the  sections  are  made,  the  cav- 
ities are  seen  to  be  equally  circumscribed,  although  the  outlines 
may  vary  in  shape.  Hence,  we  arrive  at  the  conclusion,  thai  the 
fabric,  or  tissue,  consists  of  a  multitude  of  separate  cavities,  with  . 

coDsdoiuDCBs  is  not  certain!/  made  one.  Bat  it  is  becoming  more  and  mora 
■pparent,  that  ibc  abaolate  diitinctiona  between  plants  and  animals  arc  not  t« 
bi  drawn  from  ibis  cU«a  oT  charaeieri.  Dr.  Lind1ey'»  definition,  that  "  a  pbot 
i)  B  cellnlar  body,  poHBsting  vitslilj,  liTing  b;  ftbeorpiion  throagb  its  oaiar 
sarface,  and  wcnfii^  ftarcA,"  ii  so  far  good,  that  It  indirectly  recognlits  the 
CMcntial  fancCion  of  regelation,  starch  being  one  of  its  organic  products ;  jet 
bis  only  one  special  (bnn  ander  which  the  nutritire  matter  created  by  the 
plant  ocean.  It  is  modi  as  if  Miinwts  wen  characteriied  by  the  hcultj  of 
glat. 
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elowd  {nrtilions;  fonning  a  structure  not  ualikfl  a  boneycmnb. 
Tbis  is  also  shown  by  the  fact,  that  the  liquid  ocffltained  in  a  juic): 
fruit,  BUch  as  a  grape  or  currant,  does  not  escape  wbea  it  is  cut  in 
two.  The  cavities  being  called  Cells,  the  tissue  thus  coDSthictM 
is  termed  Cellolak  Tissue.  When  the  body  is  sufficiently  tranv- 
lucent  to  be  examined  under  the  microscope  bp  traasinitted  light, 
this  structure  may  usually  be  discerned  without  makiog  a  sec- 
tioD.  We  nmy  often  look  directly  upon  a  delicate  rootlet  (as  in 
Pig.  1),  or  the  petal  of  a  flower,  or  a  piece  of  thin  and  trans- 
parent sea-weed,  and  observe  the  closed  cavities,  entirely  circuoi- 
scribed  by  nearly  transparent  membranous  walls. 


19.  Does  this  cellular  tiuue  consist  of  an  originally  homogene- 
ous mass,  filled  in  some  way  with  innumerable  cavities  /  Or  is  it 
composed  of  an  aggregation  of  little  bladders,  or  sacs,  which,  by 
their  accumulation  and  mutual  cohesion,  make  up  the  root  or  other 
organ  f  Several  circumstances  prove  that  the  latter  is  the  cor- 
rect view.  1.  The  partition  between  two  adjacent  cells  is  often 
seen  to  be  double ;  showing  that  each  cavity  is  bounded  by  its 
own  special  walls.  3.  There  are  vacant  spaces  odaa  to  be  seen 
'  between  contiguous  cells,  where  the  walla  do  not  entirely  fit  to- 
gether. These  intercellular  spaces  are  sometimes  so  targe  and 
numerous,  that  many  of  the  cells  touch  each  other  at  a  few  points 
only;  as  in  the  lower  stratum  of  the  green  pulp  of  leaves  (Fig.  7). 

FIG.  1.  FDnhm  of  t,  jomg  raot,  mafnltW.  1.  A  innantm  Ma  of  tba  aoM,  mon  aitf 
DiBsd.    3.  A  niiiUer  Tsrtlul  (Lice,  nufiilflsl. 

Fl<3  4.  CcllulvII«iM  fnm  Ibagppla,  UHsn  Inaancliin.  E.  Sumc  of  Lbe  dsucbad  ulh 
mni  ilH  rip*  rruU ;  magnlBsd. 

Fia.a  Poakn  of  ■  Iwlr  ttamt  Lbe  muHnl  (T (h* ^Idw  Ulf  (TndeMnntte),  amcDUid: 
a,  tinifi  of  lbe  niKteu  of  efloUul. 
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,  3.  When  a  portion  of  tiny  young  snd 

tender  vegetable  tissue,  such  as  an  As- 
paragus shoot,  is  boiled,  the  elementa- 
ry cells  separate,  or  may  readily  be 
I  separated  by  the  aid  of  fine  needles, 
„  and  examined  by  the  microscope.   4.  la 
pulpy  fFuits,  as  in  the  Apple,  the  walls 
of  the  cells,  which  at  first  cohere  to- 
gether, spontaneously  separate  as  the 
*  1  fruit  ripens  (Fig.  4,  5). 

SO.  The  vegetable,  then,  is  constructed  of  these  cells  or  vesi- 
cles, much  as  a  wall  is  built  up  of  bricks.  When  the  cells  are 
separate,  or  do  not  impress  each  other,  they  are  generally  round- 
ed or  spherical.  By  mutual  compression  they  become  polyhedral. 
Aa  in  a  mass  of  spheres  each  one  is  touched  by  twelve  others,  if 
equally  impressed  in  every  direction,  the  yielding  cells  beconoe 
twelve-sided  ;  and  in  a  section,  whether  transverse  (as  in  Fig.  3) 
or  longitudinal  (as  in  Fig.  3),  the  meshes  consequently  appear  six- 
sided.  If  the  oi^n  is  growing  in  one  direction  more  than  another, 
the  cells  commonly  lengthen  more  or  less  in  that  direction,  and 
thus  become  oblong,  cylindrical,  or  tubular  when  nearly  free,  ot 
^sraatic  when  laterally  impressed.  If  the  force  of  estenaioo,, 
compression,  or  nutrition  be  greater  in  one  direction  than  another, 
at  unequal  on  corresponding  sides,  a-  corresponding  variety  of 
form  is  produced.  It  is  not  necessary  to  detach  a  cell  in  order 
to  ascertain  its  shape  ;  that  may  usually  be  inferred  from  the  out- 
lines of  their  section  in  two  or  three  directions.  Nor  have  the 
forms  precise  geometrical  regularity  ;  they  merely  approach  more- 
or  less  closely  the  figures  to  which  they  are  likened. 

31,  The  walls  of  the  cells  are  transparent,  at  least  in  their  early 
state,  and  almost  always  colorless.  In  a  few  cases  the  membrane 
itself  is  said  to  have  a  tinge  of  green,  and  in  the  stems  of  Ferns  it 
is  often  brown.  The  various  colon  which  the  parts  of  the  plant 
present,  the  green  of  the  foliage,  or  the  vivid  hues  of  the  corolla, 

FIO.  r.  A  inagiiiaail  aKIioD  tbnnigh  Iha  Ihlcknaa  or  ■  ImT  of  lUkluin  FLorliknum,  ghov 
gmn  pulp,  Die  uUi  or  i>bicli[plKed>Brtlull;)tn  wall  compuud.HutnlnTBDnlrintnuu 
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do  Qot  belong  to  the  tissues  themselves,  but  to  the  matterg  of  difier- 
ent  colors  which  the  cells  contain  {&J). 

22.  The  cells  vary  greatly  in  «ze,  not  only  in  difiereot  plants, 
but  in  different  parts  of  the  same  plant.  The  largest  are  found  in 
aquatics,  and  in  such  plants  aa  the  Gourd,  where  some  of  them  are 
as  much  as  one  thirtieth  of  an  inch  in  diametlP.  Their  ordinary 
diameter  is  about  ^^  or  ^(^  of  an  inch.  In  the  common  Pink, 
it  has  been  computed  that  more  than  5,000  cells  are  contained 
in  the  space  of  half  a  cubic  line,  which  is  equiralent  to  almoM 
8,000,000  in  a  cubic  inch. 

23.  Cells  are  sometimes  drawn  out  into  tubes  of  a  considerable 
length,  as  in  hairs,  and  the  fibres  of  cotton,  which  are  long  and 
attenuated  cells.  The  hairs,  or  hair-like  prolongations  from  the 
surface  of  rootlets,  are  good  examples  of  the  kind.  Two  short 
ot>es  are  seen  in  Fig.  1.  In  Fig.  13,  14,  they  are  more  fully 
illustrated. 

24.  Some  idea  may  be  formed  respecting  the  rate  of  their  pro- 
duction, by  comparing  their  average  size  in  a  given  case  with  the 
known  amount  of  growth.  Upon  a  fine  day  in  the  spring,  many 
stems  shoot  up  at  the  rate  of  three  or  four  inches  ia  twenty-foiir 
hours.  When  the  Agave  or  Century-plant  blooms  in  our  conser- 
vatories, its  flower-stalk  often  grows  at  the  rate  of  a  foot  a  day  ;  it 
is  even  said  to  grow  with  twice  that  rapidity  in  the  sultry  climes  to 
which  it  is  indigenous.  In  such  cases,  new  cells  must  be  formed 
at  the  rate  of  several  millions  a  day.  The  rapid  growth  of  Muah- 
.rooms  has  become  proverbial)  A  gigantic  Puff-hall  has  been 
known  to  grow  from  an  insignificant  size  to  that  of  a  lai^  gourd 
during  a  single  night ;  when  the  cells  of  which  it  is  entirely  com- 
posed are  computed  to  have  been  developed  at  the  rate  of  three 
or  four  hundred  millions  per  hour.     But  this  rapid  increase  in  size 

,    is  owing,  in  great  part,  to  the  expansion  of  cells  already  formed. 

25.  DevelopmeDl  of  CcUl  The  whole  potentl^alily  of  the  plant 
exists  in  the  individual  cells  of  which  it  is  made  up.  In  tbem  its 
products  are  elaborated,  and  all  the  vital  operations  carried  on. 
Growth  consists  in  their  production,  multiplication,  and  e'nlarge- 
ment  A  knowledge  of  these  processes  is  therefore  requisite  in 
almost  every  inquiry  that  arises  in  physiological  botany.  Sys- 
tematic botany  and  zoology,  moreover,  as  well  as  anatomy  and 
physiology,  both  animal  and  vegetable,  have  advanced  to  the  p<HOt 
at  which  investigations  into  the  development  of  organs  are  of  the 


,y  Google 


/ 


CSLLULAB  TIWUB. 


ntmoot  cooMqnence.  The  formalioD,  propagalioa,  and  grawth 
of  cells,  forming,  as  they  do,  the  grouDdwork  of  anatomy  and 
physkdt^y,  are  subjecis  which  for  the  last  few  years  have  tasked 
the  powers  of  the  ablest  investigators.  Such,  however,  are  the  to- 
trinac  difficulties  of  these  investigations,  that  the  subject  is  stiU 
involved  in  much  ^jMcurity,  especially  in  regard  to  the  formation 
of  cells ;  and  great  difierences  of  opbion  prevail  upon  many  other 
enential  points.  At  present,  it  is  hardly  possible  to  separate  what 
is  known  or  reasonably  well  settled  from  what  is  conjectural,  un- 
proved, or  untrue  ;  nor  can  the  more  or  less  conflictiDg  views  of 
ibe  most  experienced  observers  be  presented  and  explained  in  such 
on  elementary  treatise  as  this.*  In  respect  to  cellular  develop- 
meat  in  plants,  however,  now  that  Schteiden  has  greatly  modified 
his  views,t  the  highest  authorities,  namely,  Mohl,  Schleidea,  and 
Nigeli,  have  arrived  at  substantially  similar  conclusions.  These, 
in  their  geoeml  outlines,  may  be  here  presented. 

26.  We  must  distinguish  between  the  original  formation  of  cells 
and  their  multiplication.  We  must  also  distinguish  between  the 
young,  vitally  active  cell,  and  the  completed  cell,  no  longer  capa- 
Ue  of  multiplication  or  of  having  new  cells  formed  within  it 

27.  Fnrmittn  tt  Celll.  Cells  originate  within  other  cells,  or  at 
least  within  living  tissues.}    They  are  formed  from  organizable 

*  The  beat  ■alhoriiiei  for  the  ttodent  lo  conialt  npon  lb«  saliicct  it, — 
I.  Tbc  memoira  of  Mohl  In  the  Linima,  the  BofoniKA*  ZeiUatg,  Ac,  the  most 
impoTtkBt  of  whidi  w«  tmoilsted  ia  ttte  AntuJa  ita  Sdateei  NaturdUt,  the 
Aimalt  wtd  tlagaxam  of  titOata  Huiory,  and  in  Taylor^  Saa^Jie  Umain. 
S.  Tboae  of  Nigeli  in  tin  ZaUdaiJl  JUr  Watenici.  BmamiJc,  whow  princiital 
tnemoir  hat  b«en  translated  b;  Henfire;  for  the  Ra;  Sodelj.  3.  Schlciden'i 
Primdpla  ef  Scitnlijie  Bdany,  tranilated  into  English  bj  Dr.  Lankeater.  t. 
LindleT's  iHtrodaclion  lo  Botany,  llh  edition.  B.  Henfraj'i  Oallintt  of  Stnc- 
tmalaitd  Phgualosieal  Bdam/;  a  compendioiu  work,  of  which  the  chaplon 
on  elMBBataiy  iliuctare,  and  all  of  this  aulbor'i  writing*  npon  the  inbject,  are 
wpedallj  excellent. 

I  Gnaidna  der  Wuienteha/tl.  Botanik,  ed.  3,  reprodaccd  in  the  Appendix 
to  the  English  translation,  cited  abore. 

t  The  Tea«t-plant,  dereloped  in  fermenting  Boidi,  if  that  be  a  true  regets- 
lion,  ia  an  exception  to  the  nile.  According  to  Schleiden,  thit  ia  a  can  of 
"  Ibe  fbrmatiDn  of  cell*  witbont  the  inflnence  of  another  cell  preTionalj  exid- 
lag."  The  material  bat  of  coorae  been  elabcnsted  in  tbmer  vegetable  celli; 
and,  according  to  Kartten,  the  fbnnent-cella,  with  which  the  devetopmaat 
e^unencea,  already  exiit  in  the  jsiee  of  the  frnit,  and  pan  tfaroagh  the  filter 
JatD  Ibe  BolntiM ;  which  makea  Ihie  a  esw  of  cell-mnltipliEatiaD,  rather  than 
af  eell-lbnnation. 
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oiatler  ( 1 1 ,  v^etable  nuicilsge,  protoplaBin,  &c.)  assiinilated  a 
praviousl^  existing  cells,  nad  disaolved  in  tbe  water  which  the  tk- 
Bue  of  growing  parts  contains.*  This  organizable  material  alwayi 
and  necessarily  consists  of  a  mixture  of  two  claases  of  assimilated 
matter,  one  of  which  is  amtiaed,  the  other  is  not  That  is,  oae  i> 
composed  of  three  elements,  carbon,  hydrogen,  and  oiygen,  and 
exists  in  tbe  liquid  form  in  tbe  state  of  vegetable  mucilage,  dex- 
trioe,  sugar,  &c.,  or  collects  in  a  peculiar  solid  form  in  tbe  celis, 
as  starch,  or  finally  oonstitutes  tbe  proper  and  permanest  wall  of 
the  cell,  under  tbe  name  of  Cbli.dlose.  Tlie  other  is  ccMnposed  of 
nitrogen  in  addition  to  these  three  elemeats,  aitd  exists  in  growti^ 
parts  Id  solution,  as  some  state  of  what  is  called  proteine,  and  is 
known  among  vegetable  products  in  the  forms  of  diasiadb,  albumen, 
gluten,  fibrine,  &c.  Tbe  latter  makes  do  pwtion  of  ibe  per- 
manent  fabric,  indeed ;  hut  It  plays  an  indispensable  part  in  the 
production  of  cells,  and  always  exists  in  young  and  vitally  active 
cells,  as  a  mucilaginous  lining.  A  weak  solution  of  iodine  causes 
it  to  turn  brown,  and  detaches  it  from  the  proper  wall  of  the  cell. 
According  to  Mohl,  it  appears  earlier  than  tbe  proper  eell-widl, 
which  is  formed  under  its  influence,  and  is,  aa  it  were,  moulded 
upon  it.  Mohl  has  therefore  given  the  appropriate  name  of  pro- 
toplam  to  this  azolized  mucilaginous  matter. 

28.  From  a  Nucleus  or  Cytoblasl.  When  new  cells  are  pro- 
duced by  original  formation  within  tbe  cavity  of  a  parent  cell,  the 
following  processes  appear  to  take  place.  Portions  of  *'  tbe  prot^ 
plasm  collect  into  a  more  or  less  perfectly  spherical  body,  at  lengA 
sharply  defined,  the  nucfeus  of  tbe  cell  (ci/tohlast) ;  upon  this  is 
deposited  a  layer  of  protoplasm,  which  expands  as  a  vesicle,  end 
forma  the  subsequent  lining  of  tbe  cell ;  at  a  very  early  period  the 
whole  becomes  inclosed  by  a  wall  of  cellulose,  and  the  cell  is  com- 
pleted."t  This  plan,  under  a  more  restricted  form,  was  pip- 
ponnded,  and  until  recently  maintained,  by  Schleiden,  as  the  uni- 
versal mode  of  cell -development.  It  is  now  maintained  as  one 
principal  mode  only,  and  in  a  form  essentially  agreeing  with 


*  "  Cells  can  be  tonaei  cml;  id  a  fluid  whkfa  containa  w^ar,  dBxthne,  *nd 
proteiiM  compoBoda."  —  SMadtn,  I.  e. 

t  ScUndeH,  I.  e^  «d.  S;  from  the  Appendix  to  the  Eogliafa  tranilitieD. 
"  Thk  sppesn  to  oocar  especisllj'  in  tbe  emtnTo^ac  and  the  enlK^onal  veii- 
de." 
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Mohrs  view.*  The  getatioous  nucleus  of  Ihe  cell  often  renuins 
adbereot  to  Bome  part  of  the  wall,  where  its  vestiges  frequentljr 
^pesr  as  a  dark  ^xit  after  the  cell  is  full  grown.  Otherwise  it 
lies  free  in  the  cavity,  Ihe  forming  cell-wall  being  disengaged  from 
it  on  every  side  ;  and  sooner  or  later  it  is  dissolved  or  absorbed. 

29.  WillunU  aa  anlecedent  Nueleut.  Some  observers  do  not 
admif  that  the  nucleus  plays  an  essential  part  in  cell-formation,  or 
that  it  exists  in  the  first  instance.  Nor  does  it  have  a  place  in 
Schleiden's  account  of  the  formatbn  of  free  cells  in  fermenting 
fluids,  viz. :  t  "A  globule  of  niirogeneous  substance  originates ; 
in  this  a  cavity  is  formed,  it  grows,  and  the  complete  cell  has  a 
delicate  coat  of  cellulose,  without  our  being  able  to  dolermtne 
the  epoch  af  its  production."} 

30.  MnltiplintiOH  of  CtlU.  It  is  not  by  original  cell-formation, 
however,  but  by  the  multiplication  of  cells  already  existing,  that 
the  fabric  of  the  vegetable  is  built  up.     A  cell  once  originated,  in 


■  Id  BmottiiJit  Zeilang.  Vol.  3,  ISlt.  The  abginict  of  Mohl'*  view  i>  tbiu 
nndered,  in  the  Appendix,  {.c.  p.  S7l,umn9lateil  from  Schteiden'iSd  ed.r  — 
"Id  all  Titally  active  eelU  a  living  membrane  occurs,  coDsistinr^of  sniirogen*- 
ow  layer ;  (hii  membrane  exltla  earlier  tba.a  tbe  cell-wall  rormed  of  cellnloee, 
and  iherefbie  Mohl  colli  it  the  '  primordial  atricle.'  The  new  cells  proha* 
bly  originate  by  the  aolotioa  of  the  old  primordial  utricle,  and  the  fonnalioQ 
of  leveral  new  onei  effected  through  a  oncleua,  which  alwajg  precede*  the 
'  oell-formation." 

I  Schleiden,  in  A/^'x  to  Engl.  7>aM.,  I.  e.  And  Nageli,  b«  rendered  in  an 
abilnct  by  Schleiden,  I.  c.  p.  S7a.  "  1.  There  is  •  fi«e  cell-formatton  withont 
a  nocleuB  in  certain  of  the  lower  Alga,  and  in  the  formation  of  the  sporea  of 
Idcheiu  and  Fungi.  Sometimes  a  micleuj  is  subsequently  produced  id  the 
completed  cell-  3.  Perfectly  homogeneous  globules  of  mucilage  are  formed, 
tbe  oncleoll ;  arouod  these  a  perfectly  hoinogeneoa*  naclens,  on  which  a 
proper  membrane  is  soon  to  be  distinguished.  A  homogcncons  lajer  of  ma- 
ciiage  is  deposited  around  the  nucleasi  this  gradiiBll;  becomes  thick,  espe- 
cially at  oDe  side;  Iben  granular  in  the  inierior;  next  it  is  enreloped  by  a 
membrane,  and  the  cell  with  a  parietal  nucleus  is  complete."  On  the  other 
band,  "  HoffraeisteT  holds  that,  in  the  formation  of  a  nucleus,  ■  spherical  drop 
of  toudla^noiis  fiuid  becomes  coaled  by  a  membrane,  and  thus  iadividualiied, 
without  the  presence  of  a  corpuscle  of  donser  snbstance  (a  nucleolus)  inside 
the  spherical  mass  of  macilage  either  being  essential  or  contributing  to  the 
process."    Uenfrey,  Bat  Cr'aztMs,  1.  p.  ]28. 

t  There  seems  to  be  little  real  discrepancy  between  this  view  and  those  of 
Orew,  Baoer,  Mirbel,  Unger,  and  Endlicher,  which  agree  in  this:  that  cells 
otigiiute  a*  cavities  in  a  mucilaginous  matrix,  and  M  length  acquire  inde- 
pendent walls. 
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whatever  msnner,  hsa  the  power  of  proptigtting  itaeir  by  divinoe 
into  parts,  each  of  which  forms  a  new  cell.  The  modes  by  which 
cells  are  thus  multiplied,  diverse  as  they  appear  to  be  in  the  *ari- 
ous  processes  of  vegetable  growth,  are  evidently  reducible  to  two; 
&nd  even  these,  if  they  are  now  rightly  understood,  are  only  two 
modifications  of  one  and  the  same  process  of  duiiaion,  or  merit- 
natic  multipKeation.  Taking  the  most  distinct  cases  for  eiamples, 
we  may  say  that,  in  the  first  mode, 

31.  The  cell  is  propagated  by  the  divinon  of  its  living  eantettU 
into  two,  four,  or  tomelimet  a  greater  number  of  free  i»e»  eetU; 
(he  wall  of  the  original  cell  perishing  or  losing  its  vitality  in  tbe 
process.  This  can  occur  only  in  cells  whose  walls  have  not  been 
thickened  by  internal  deposition  (39),  and  while  yet  lined  with  the 
vitally  active  layer  of  protoplasm  *  (36,  27).  This  mucilaginous 
lining  becomes  constricted  or  infolded  around  tbe  middle,  and  the 
fold  esiends  inward  until  it  is  divided,  with  the  whole  contents,  into 
two  parts  (Pig.  64) ;  at  the  same  time,  or  immediately  following 
the  division,  a  wall  of  cellulose  is  deposited  around  each  portion. 
The  two  new  cells  thus  produced  may  at  once  divide  again  in  the 
•ame  way,  giving  rise  to  four  cells  in  a  parent  cell  (as  in  Fig.  65)  ; 
or  the  division  may  be  again  and  again  repeated.  The  delicate 
wall  of  the  parent  cell  is  either  absorbed  or  obliterated  as  the 
new  ones  it  incloses  enlarge,  or  it  remains,  for  a  while  at  least, 
although  no  longer  in  a  living  stale.  By  this  method  the  cells 
of  pollen  formed  in  the  anther  of  all  Flowering  plants  (110),  and 

*  Tbi*  layer,  according  to  Mohl,  is  a  delicate  and  toh  membraiie  of  proto- 
plum  (called  bj  him  the  primordial  utricle),  rormed  earlier  ihan  tbe  celln- 
lose  cell-wall  which  is  looa  depoiiled  aronod  it.  Schlcidcn  haa  not  been  able 
■U  latisf;  himself  Ibat  this  mailer  is  organized  into  a  membrane,  or  that  it  pre- 
cedet  ihe  proper  wall  of  cellulose.  By  terming  It,  without  reference  to  thesa 
points,  ibe  madlaginous  lining,  or  viialtj  actiTc  layer  of  protoplasm,  inter- 
posed between  the  proper  wall  of  the  cell  and  its  eoatenta  (nucfeus,  gdnlittvm 
wal,  eHiochmmt,  or  whatever  they  may  be  called),  their  vieirs  arc  bronght 
into  agreement  with  each  other.  Those  of  Mr.  Thw^le*  do  not  eMentially 
differ,  except  in  his  poshing  too  far,  as  I  should  sappose,  Ihe  inference,  "  that 
cell-membraDG  is  qaito  a  snbordinste  part  of  liring  atractiuv ;  that  il«  fauc- 
tions  are  of  a  pnrely  physical  character;  that  Ita  principal  ofBce  is  to  protect, 
locate,  or  isolate  the  matter  it  contains,  and  that  any  vitality  it  posses«ei  it 
derived  from  the  presence  witbin  it  of  its  cndochrome."  .^nn.  ^  ilf'g-  Nat. 
Hit^  Vol.  18.  —The  movement  of  Ihe  cilia  on  the  surface  of  ihe  cell-wall, 
seen  in  so  many  spares,  soreiy  show*  that  tbi*  pouesses  for  a  time  a  vitality 
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the  tporea  of  most  Flowerless  plants  (101,  109),  originate.*  It  ia 
■abaeirient  to  reproduction,  as  these  examples  show,  rather  than  to 
vegetation.  On  the  one  hand,  it  might  be  ranked  as  a  mode  of 
original  cell-formation  ;  on  the  other,  it  passes  hy  insensible  grada* 
tions  into  the  next  mode,  —  where 

32.  The  cell  itmtdtipUed  hy  the  formation  of  a  partition  nhich 
divides  its  cavity  into  too  ;  the  original  wall  remaining.  In  this 
way,  a  single  ceil  giveit  rise  to  a  row  of  connected  cells,  when  the 
division  takes  place  in  one  direction  only,  or  a  plane  or  solid  mass 
of  such  cells,  when  it  takes  place  in  two  or  more  directions ;  thus 
pfoducing  a  bssue.  It  is  in  this  way  that  all  ordinary  vegetating 
or  growing  parts  are  produced  and  increased.  The  division  is 
effected,  as  before,  by  the  annular  constriction  and  infolding  of 
the  mucilaginoua  lining  of  the  cell  (the  primordial  utricle  of  Mohl) ; 
the  circular  fold  meeting  at  the  centre  divides  the  contents  into 
two  portions,  and  a  layer  of  permanent  cell-membrane,  which  is 
somewhat  later  deposited  upon  each  lamella  of  the  fold,  forms  a 
complete  double  partition  ;  thus  converting  one  cell  into  two,  and 
soon.t 

33.  Although  connected  in  the:r  origin,  such  cells  may  break 

*  Some  ipom  arc  produced  bj  the  condenution  of  the  whole  coQlenu  of 
ikt  panot  cell  tod  tba  acqaUition  of  an  inveatiDg  cell-meinbnuie,  without  anj 
diTkwn,  u  in  Conferva  glomereia,  &C.,  or  of  the  undivided  contents  of  one  end 
ef  a  cell,  as  in  Vancherla,  Fig.  71. 

1  This  mode  of  cell-mnltiplicaiion  was  first  shown  and  most  ablj  maiataiaed 
by  Molii,  M  the  nnirenal  node  of  hicreaM  in  growing  parts.  lE  bas  been 
illoMraied  from  IndepeDdent  obserralions  by  Uenfre;,  in  a  paper  read  befoce 
the  British  Association  at  Cambridge,  in  1846;  and  has  recently  received 
new  confirmation  from  Milacherlich's  researches  upon  the  development  of 
Omfirva  y/omtrala,  the  plant  upon  which  Mobl's  ob«ervationa  upon  cell- 
divisiona  were  principally  made.  Henfrey  has  given  an  abstract  of  Mitscher- 
Odt't  imper  in  Ann.  f-  Mag.  AW.  Bi^.,  Vol-  1,  new  Mr^  1S48,  p.  436.  Schlei- 
den's  itstement  of  the  process,  ai  rendered  by  his  English  transUlor  (p.  57%), 
b:  "Tbis  fold  of  the  primordial  utricle  is  fallowed  somewhat  later  by 
a  fold  of  the  cell- membrane  iwelf,  which,  finally  arriving  at  the  aais  of  the 
cell,  blends,  and  from  the  nature  of  its  origin  forms  a  complete  double  sep- 
Bun-"  But  Hofal,  Henftey,  and  AUtscherlich  appear  to  agree  that  the  proper 
wall  of  the  parent  cell  is  not  constricted,  only  its  lining  or  primordial  ntricle; 
•od  that  "  the  ceptnm  is  certainly  a  new  slractore,  a  double  Uyer  of  mcmbraaa 
Ibnned  in  the  fold,"  yet  dcpOBilcd,  according  to  Mohl  and  Henfrey,  "  gradn- 
•Uy  from  the  circumference  to  the  ceniro."  "  Tbe  layers  of  the  partition  are 
Iberefore  continuoos  with  the  laycn  of  thickening  in  the  interior  of  the  lateral 
walls,"  as  Henfrey  italM. 
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apart  at  an  early  period  into  separate  iodivid< 
uats.  In  that  case,  the  result  is  the  same  aa 
in  the  preceding  (31);  especially  when  the 
cells  are  globular  and  divide  first  in  one  di- 
rection and  next  in  the  opposite  direction ;  ex- 
cept that  here  the  parent  cell  is,  as  it  wete, 
brokeD  up  into  two  or  four,  each  iovested'with 
its  portion  of  die  original  cell -membrane. 
While  in  the  former,  the  old  cell-wall  is  de- 
stroyed or  remains  distinct,  and  the  new  cells 
formed  in  it  acquire  each  its  own  independent 
coating  of  cell-membrane.  This  is  the  more 
apparent  where  the  cell  is  elongated  and  goes 
on  to  form  a  chain  of  cells,  as  in  the  green 
Confervas  of  streams  and  pools.  Fig.  6  rep- 
resents  a  portion  of  a  Conferva,  magnified,  so 
as  plainly  to  exhibit  the  formation  of  the  par- 
titions. Here  the  process  of  division  goes  on 
pari  passu  with  that  of 

34.  GemmHlioQ  or  fioddlBS ;  namely,  with  con- 
tinuoua  growth  from  their  free  extremity,  or 
t  the  shooting  forth  of  a  protrusion  or  branch 

from  some  part  of  the  surface  of  a  cell,  which  grows  onward  from 
its  apex  in  the  same  way.  A  cell  thus  prolonged  into  a  tube  is 
divided  by  a  transverse  partition  ;  the  upper  joint,  *       » 

after  elongaiiog  from  its  apex,  has  its  cavity  like- 
wise divided  into  two  by  a  transverse  partition  ;  the 
lowest  of  these  remaining  stationary,  the  upper 
elongates  and  continues  the  same  process ;  which 
may  thus  go  on  indefinitely.  Fig.  9-12  show 
modifications  of  this  gemmiparoua  (or  budding) 
mode  of  growth,  as  seen  in  some  of  the  micro- 
scopic plants  of  doubtful  nature  which  develope  in 
fermenting  Infusions.  ' 
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35.  Blate^h^  Ud  KamBfilg  Ctlk.  This  oaward  growdi  may 
take  place,  moreover,  without  the  formation  of  partidona  at  all ; 
when  elongated,  vegetating  cells         n 

•le  produced,  whether  simple  or 

toaia^ted.      The    hair-like    bodies 

Ibat,  copiously  appear  on  the  sur-  j 

lace  of  young  rootlets  furnish  eX'  \ 

amples  of  the  kind,  as  is  shown  io 

Pig.    13,   14.      More  conspicuous  \ 

examples  are  furnished  by  certain 

Algte    of   the   simplest  structure, 

where  the  cell  grows  out  into  a 

tube  of  uninterrupted  calibre,  or 

branches  as  it  grows  into  a  series 

of  such  tubes  wilh  the  cavity  per* 

fectly  continuous  throughout ;   as  " 

in  Botrydium  (Fig.  67-70),  where  an  originally  spherical  cell  is 

extended  and  ramified  below  in  the  fa^ion  of  a  root ;  in  Vauche- 

na  (Pig  71),  where  a  slender  tube  forks  or  branches  sparingly; 

and  in  Bryopeis  (Fig.  73),  where  numerous  branches  are  vaiy 
legularly  produced.  In  these 
cases,  the  fully  developed  plant, 
with  all  its  branches,  is  only  one  . 
proliferoos  cell,  extended  from 
various  points  by  this  faculty 
of  continuous  budding  growth. 
The  mycelium  or  spawn  of 
"  Mushrooms,  and    the    intricate 

threads  of  Moalds  (Fig.  74-76)  are  formed  of  very  attenuated 

branching  cells.    And  in  Lichens,  cells  of  the  same  kind  are 

densely  interwoven  into  a  filamentous  tissue  (Fig.  15). 

36.  Cinnhtigii  In  yong  CeUt.  A  kind  of  circulation  or  mora- 
neni  of  rotation  has  been  observed  in  numerous  cells,  particularly 
in  those  that  form  the  hairs  of  many  plants,  which  are  well  situated 
tor  obeerration ;  and  it  probably  takes  place  in  most  cells  at  as 
early  period,  while  yet  filled  with  fluid.    The  string  of  bead-like 

no  13.  Mignillad  ctllulir  llwie  rnnn  Ibe  nxntsl  of  t  Mdllng  M^il* ;  aoHM  of  Ibg  41- 
Umil  ulb  EniKing  out  Intu  rDoMuln.      N.  A  hw  or  ills  cetli  own  highly  magniaed. 

nn  IS.  EnlangtMl,  Blimcninui,  Ixinchlng  calls  Oam  Uw  flbmu*  tlmg  <ri'  Ihg  KtlDdiw 
tictm  (OadsQlm  lugltutau),  nHgoJOid. 
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cells  which  compoM  the  jointed  hairs  <^  the  commoo  Spider  Uly 
(Tradescantia,  Fig.  6)  show  this  circulation  well,  uoder  a  magni- 
fying power  of  about  four  hundred  diameters.  With  this  power,  a 
network  of  anastomosing  currents,  rendered  visible  bjr  the  little 
globules  they  carry  with  them,  will  be  seen  to  move  between  tbe 
transparent  and  glassy  cell-membrane  and  tbe  inclosed  colored 
contents,  trBversing  tbe  cell  in  yarious  directions,  without  much 
regularity,  except  that  the  streamlets  appear  to  radiate  fnMn,  and 
return  to,  the  parietal  cytoblast  (28).  In  this  instance,  it  is  easy 
to  see  that  the  currents  belong  to  the  layer  of  mucilaginous  fluid, 
or  protoplasm,  interposed  between  the  cell-membrane  and  the 
colored  aqueous  contents.  Tbe  same  is  the  case,  according  to 
Mohl's  thorough  observations,  in  the  tubular  celts  of  Chara,  where 
they  may  be  observed  with  an  ordinary  lens  ;  and  in  our  Vallisoe* 
ria,  where  a  moderate  magnifying  power  shows,  in  the  cells  of  the 
leaves,  a  continuous  rotation  round  the  whole  wall  of  the  cell,  die 
stream  rising  on  one  side  and  descending  on  the  other.  The  cur- 
rent is  powerful  enough  to  carry  along,  not  only  minute  gninulee, 
but  small  grains  of  chlorophyll  or  green  coloring  matter  (87), 
which  renders  it  abundantly  visible ;  and  sometimes,  where  die 
gTMn  granular  contents  cohere  in  a  mass  filling  the  centre  of  the 
cell,  it  throws  this  whole  msas  into  slow  revolution  on  its  axis.  In 
,  these  instances,  the  whole  layer  of  mucilaginous  fluid  takes  part  in 
the  movemenL  The  cause  of  this  motion  is  wholly  unknown,  ss 
also  the  office  it  subserves.  We  shall  have  occasion  to  refer  to  it 
in  another  chapter,  in  connection  with  other  vegetable  movements. 
At  present,  we  may  merely  remark  that  it  b  not  like  a  true  cireu- 
lation,  through  vessels,  which  is  characteristic  of  animals. 

37.  Pdnnnbilitr  Ud  ImbibUJan.  The  wall  of  the  cells,  at  least  in 
their  living  or  vitally  active  state,  is  a  perfectly  closed  sac,  deed- 
tute  of  openings  or  visible  pores  (although  perforations  sometimes 
appear  in  old  or  effete  cells,  as  in  those  of  Peat-Moss) ;  but,  like 
all  oi^nic  membranes,  it  is  permeaUe  to  fluids.  The  cell  coo- 
Btantly  contains  a  fluid  thicker  than  water,  and  therefore  tends  to 
imbibe  water  by  endotmon*,*  as  well  as  to  yield  by  exotmotu'  a 

*  Endoamoui  uid  cxoiinoiU  are  nuaet  given  bj  Dntrodiet  (who  fint  iUos- 
tnued  them  in  liquids)  to  >  phjiaieal  proceu  or  penneation  and  iDlerchsnie 
which  takes  place  in  fluida,  according  to  the  folloidng  law,  briefly  stated. 
When  two  liqaidi  of  unequal  denait;  are  separated  bj  a  penneable  mem- 
braoe,  the  Ughier  liqnid  or  ibo  weaker  tolaiioa  will  flow  ioio  (he  deanr  or 
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portion  of  its  liquid  contents  to  a  contiguouB  cell,  which  may  be 
charged  with  contents  of  greater  density  than  its  own.  Prom  the 
nature  of  the  process  of  assimilation  and  other  operations  carried 
on  in  the  interior  of  cells,  they  must  always  conttun  a  denser  fluid 
than  the  water  io  which  aquatic  plants  lire,  or  which  is  presented 
to  the  loots  or  other  parts  of  the  surface  of  terrestrial  plants.  This, 
with  the  gaseous  and  other  matters  it  holds  in  solution,  the  vegeta- 
ble must  constantly  tend  to  imbibe  by  endoemosis.  In  virtue  of 
tbe  same  law,  as  will  hereafter  be  explained,  not  only  is  the  crude 
food  imhibed  by  the  roots,  but  transferred  from  cell  to  cell  to  the 
place  where  assimilation  is  principally  ejected  or  growth  is  going 
on.  In  addition  to  the  simpler  process,  animals,  even  of  the 
lowest  grades,  have  a  proper  circulation  through  vessels.  There 
is  no  such  ciroulation  in  plants. 

S8.  flnwib  of  CeU-lcmbnUH  intaintitilllr'  By  appropriating  the 
aswmUated  matter  it  contfuns  or  imbibes,  the  young  cell  increases 
rapidly  in  size  ;  its  wall  is  extended  equally  on  every  side  (unlesa 
something  interferes  with  its  expansion  in  particular  directions),  so 
that  a  larger  space  is  surrounded.     Meanwhile,  instead  of  becom- 

•trongw,  irith  a  force  proportioned  to  tbe  diStareitce  io  deiui^  (ttuhimeni) ; 
bat  St  ths  ssnte  linte,  a  inuUer  portion  of  tlie  deiiMr  tiqaid  will  flow  ont  into 
tha  weaker  (aranwini}.  Ttioi,  if  llic  lowei  end  of  aa  open  talw,  closed  with  a 
thin  mcmbraDi,  soch  M  a  piece  of  moisiened  bladder,  be  introdaced  iitlo  a' 
Tomel  of  pore  water,  and  a  solntion  of  aagar  in  water  be  poured  into  the  tobe, 
die  water  from  the  *e«se1  will  sliortlj'  be  found  to  pau  into  the  tube,  ao  that 
ifae  cdnmn  of  liquid  it  contain*  will  increaae  jn  height  to  an  extent  propor- 
tioaate  to  the  itrengih  of  the  aulntion.  At  the  aame  ttoie,  the  water  ia  the 
veatel  will  become  ilightlj  Bweet;  ahowlDg  that  a  small  qnantitj  of  tjiup  ha* 
paued  through  the  pores  of  the  membrane  into  the  water  without,  while  a 
mnch  larger  portion  of  water  hai  entered  tbe  tube.  The  water  will  continne 
to  enter  the  tnbe,  and  a  imall  portion  of  BTmp  to  leare  it,  until  tbe  lolution  is 
ndaeed  to  the  tame  alreogth  aa  the  liquid  without.  If  a  eolation  of  gum,  ealt, 
or  any  other  eubatance,  be  employed  instead  of  sugar,  the  same  reialt  will 
take  place.  If  the  same  solution  be  employed  both  in  the  vessel  and  the  tnbe, 
no  transference  or  change  will  l>e  observed.  But  if  either  be  rendered  strong- 
er than  the  other,  a  circulation  wilt  Im  established,  and  the  stronger  solution 
win  increase  in  qnantitj  until  tbe  two  attain  the  same  denalty.  If  two  diibr- 
eat  aotulions  be  emplojed,  ai,  for  instance,  sugar  or  gum  within  tbe  labe,  and 
potash  or  loda  witboat,  a  circulation  will  in  like  manner  take  place,  the  pre- 
ponderance being  tmcardi  tbe  denser  fluid,  and  in  a  degree  exactly  propor- 
lionalo  to  the  difference  in  density.  Instead  of  animal  membrane,  any  vegeta- 
ble matter  with  flue  pores,  such  as  a  thin  piece  of  wood,  or  eren  a  porous 
Binaral  eabetsace,  may  be  subatituted  with  the  iame  result. 
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ing  thinner  as  it  expand*,  it  grows  tfa)ck«r ;  altboagh  the  incrowe 
of  BUifoee  at  this  tima  ia  much  greater  thaa  that  of  tiiickneaa. 
Therefore  it  not  nerely  enlarges,  but  grows.  That  is,  it  iiicorp<v 
rates  new  assimilated  matter,  wbteh  penetrates  the  membrane  and 
is  deposited  in  it,  not  as  a  new  layer,  lining  and  strengthening  the 
old,  but  ittterMtituilly  ;  so  Uut  the  enlai^g  cell-wall  is  still  as 
honu^neouB  and  simple  as  before.  After  Bttainiog,  for  the  mooC 
part  rapidly,  a  definite  size,  the  cell  ceases  to  enlarge,  and  its  wall 
no  longer  incorporates  new  materials.  Some  cells  renrnin  in  dus 
condition,  with  wails  of  great  tenuity,  as  do  the  parent  cells  in 
which  grains  of  pollen  or  other  new  cells  are  produced  (31) ;  tn 
which  case  they  seldom  endure,  but  are  soon  destroyed  or  d>> 
sorbed.  The  assimilated  matters  they  contained  were  wholly 
diverted  to  the  new  product  to  which  th^  give  rise. 

39.  llliekNKlg  bjr  DrpHtliM.  In  most  cells  that  make  part  of  a 
permanent  structure,  however,  the  membrane  continues  to  thicken 
after  it  has  ceased,  or  nearly  ceased,  to  enlarge,  no  longer  inter- 
■titially,  but  by  a  deposit  on  its  inner  surface.  The  natnre  of  the 
contained  assimilated  matter  is  such,  tttat,  by  the  mere  abstraction 
of  water,  it  readily  passes  into  a  solid  state  (81).  As  it  organizes 
(doubtless  under  the  ioflueiKe  of  the  living  lining  of  protoplasm), 
it  solidifies  on  the  surrounding  cell-wall,  which  is  thus  stcengA- 
ened  by  a  new  layer  of  cellulose,  or  by  a  succession  of  such  layeis. 
Every  degree  of  this  secondary  deposition  occurs,  from  a  slight 
increase  in  the  thickness  of  ttte  membraae  to  the  Elling  up  of  the 
greater  part  of  the  cavity  of  the  cell.  The  older  wood<cells  of  vaj 
hard  wood  furnish  good  illustrations  of  such  solidificatbn.  Indeed, 
the  difference  between  tap-wood  and  heart-wood  of  trees  is  princi- 
pally owing  to  the  increase  of  this  secondary  deposit,  which  con- 
verts the  former  into  the  latter ;  as  may  be  seen  by  comparing, 
under  the  microscope,  the  tissue  of  the  older  with  that  of  the  newest 
rings  of  wood,  taken  from  the  same  tree.  In  an  ensuing  chapter 
(on  the  internal  structure  of  the  stem),  this  is  shown  in  a  piece  of 
oak  wood.  Fig.  18  represents  a  highly  magnified  oross'section  of 
some  wood-cells  from  the  bark  of  a  Biroh,  with  their  calibre  almost 
oblitemted  in  this  way.  It  is  by  the  same  process  that  the  tissue 
of  the  atone  of  the  peach,  cherry,  and  other  alonc-fruita  acquires  its 
extreme  hardness.  Indurated  cells  of  the  same  kind  are  met  with 
even  in  the  pulp  of  some  fruits,  as  in  the  gritty  grains,  which  every 
one  has  noticed,  scattered  through  the  flash  of  many  pears,  eape> 


,y  Google 


CKLLOI^K  TIBKtnt.  37 

cially  of  ibe  poorer  sorts.    A  Bectioi]  of  a  few  cells  of  the  kind  is 

repreaenled  in  Fig.   16,  with    their 

cavity  much   reduced   and   rendered   ; 

very  irregular  in  outline  by  such  ii 

cruslatioD.     Similar  cells  are  readily   ' 

aeeo,    with    a   moderate    magnifying 

power,  to  form  a  part  of  the  tissue  "  " 

evea  of  such  Juicy  fruits  as  the  cranberry  and  the  blueberry 

(Fig.  17). 

40.  This  deposited  matter  can  rarely  consist  of  pure  cellulose, 
but  may  include  all  the  various  matters  capable  of  solidificatiou,  of 
whatever  nature,  which  are  introduced  into  the  cells  from  without, 
or  are  elaborated  there.  As,  for  example,  mineral  matters,  small 
quantities  of  which  must  needs  be  dissolved  in  the  water  which 
the  plant  imbibes  by  its  roots,  and  be  deponled  in  the  cells  of 
Ibe  wood  through  which  it  passes,  and  especially  in  those  of  the 
leaves  where  it  is  concentrated  by  evaporation  (311-313) ;  also, 
coloring  matters,  such  as  give  the  different  tints  to  heart-wood,  and 
other  special  solidified  products  formed  in  the  cells  themselvea. 
The  cells  fill  up,  therefore,  partly  by  organic  deposition,  and  partly 
by  incrustation. 

41.  Even  when  purified  as  much  as  possible  from  all  admix- 
ture of  foreign  materials,  the  secondary  deposit  is  found  to  difier 
a  little  from  cellulose,  or  original  cell-membrane,  in  chemical 
composition.  It  contains  a  somewhat  larger  proportion  of  carboa 
and  hydrogen,  and  is  therefore  richer  in  combustible  matter. 
Forming  as  it  does  the  principal  part  of  the  weight  of  wood  {lig- 
num), it  has  received  the  name  of  LtoNiNB  (also  that  of  SeUro- 
gen)  ;  but  it  is  probably  only  cellulose  a  little  modified  or  altered. 
This  difference  in  chemical  composition,  however,  shows  why  the 
hard  woods,  such  as  hickory  and  oak-wood,  which  abound  in  this 
lignified  deposit,  should  be  more  valuable  for  fuel,  weight  for 
weight,  than  the  soft  woods,  which  have  little  of  it  (such  as  bass- 
wood  ,  &,c. ) ;  at  least,  when  the  latter  are  not  charged  with  resinous 
matter. 

43.  The  secondary  deposit  often  forms  an  even  and  continuous 
increase  in  the  thickness  of  the  walb  (as  is  shown  in  the  White 
Oak,  Id  the  section  on  the  Internal  Structure  of  the  Stem) :  but  it  is 
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not  unfrequently  distingaiahabie,  when  highly  magnified,  into  more 
or  leas  defiaed  concentric  layers  ;  aa  shown  in  Fig.  18,  from  tb« 
ianer  baric  of  the  Btrcb,  &Dd 
iD  Pig.  19,  in  some  cells  ct 
proper  wood.     Whether  the 
thickening  depoait  is  distia- 
guidiahle  into  layMS  or  not, 
it  is  more  commonly  inter- 
rupted at  certain  points  and 
in  a  definite  way,  so  as  to 
I  give  the  diminished  cavity 
very  irregular  outlines ;  aa 
"  "  we  see  in  Fig.  16  and  Fig. 

17.  This  occurs  in  "wood-cells  as  well  as  in  ordinary  rounded 
cells,  and  is  partly  shown  in  Fig.  19.  The  eariiost  layers  of  thick- 
ening fail  to  be  deposited  at  certain  points,  consequently  leaving 
thinner  spots ;  the  succeeding  leyers  are  eiactiy  applied  to  the 
next  preceding,  and  leave  precisely  the  same  intervals :  conae> 
quently,  these  unthickened  spots  become  grooves  or  canals  running 
from  the  cavity  of  the  cell  to  the  original  wall,  or  in  that  direction. 
And  it  is  noticeable  that  the  pita  or  canals  of  contiguous  cells  usu- 
ally correspond :  an  obvious  effect  or  use  of  this  adaptation  is  to 
maintun  a  lateral  communication  between  contiguous  cells  of  tbe 
kind,  notwithstanding  the  thickening  of  their  walls.  No  tissue 
which  we  have  seen  shows  these  lateral  passages  and  their  nature 
more  clearly  than  the  wood  of  the  American  Plane-tree,  or  Button* 
wood  (Fig.  S2),  which^at  the  same  time  demonatrates  the  true 
character  of  one  large  class  of  the 

43.  Mukiflp  of  the  Walll  of  GcUl.  These,  whether  in  the  form  of 
bands,  spiral  lines,  dots,  or  apparent  pores,  alt  arise  from  the  un- 
equal distribution  of  the  secondary  deposit.  They  are  portions  of 
the  walls  which  are  either  thinner  or  thicker  than  tbe  rest.  These 
markings  display  the  greatest  variety  of  forms,  many  of  them  of 
surpassing  elegance.  The  principal  kinds  occur  with  perfect  uni- 
formity in  each  species  or  family,  and  in  definite  parts  of  the 
plant ;  so  that,  in  a  multitude  of  cases,  a  given  species  or  genus 

no.  18.  High];  DiifiiiBHl  croH-MulDnof  ■  bll  of  ihaold  libsrof  IbstnTkaribs  Birchj 
th*  lubH  Bmiir  KM  w)lb  >  dgpnlt  af  nlid  miter  Id  coouduIc  )tyttt.    (From  link.) 

FIO.  19.  Hiih!r  msgnifiej  wood-ulli  (hid  In  tmunng  ud  longiludinil  Hctloii),  (Tom 
ibanotorilialkiiipalin;  •bmrint  Um  loMnul  dspgdl  in  \ajta,Kiimm  coaiwciliic  cuwl> 
orpiu.    (Fi«iiJu«lgu,ift(rHiiiaL} 
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may  be  as  certainly  identified  by  the  minute  Kulpture  of  its  celb 
afone,  as  by  more  coaspicuous  extemst  characlera.  They  ara 
preaerved  even  wbea  the  tissue  is  fossilized,  and  the  external  form, 
with  every  outward  appearance  of  organization,  is  obliterated. 
Through  tlun  slices  and  other  contrivances,  the  hidden  structure 
is  rerealed  under  the  microscope,  and  thus  the  true  nature  of  our 
earth's  earliest  vegetation  may  be  oflen  satisfactorily  made  out.* 
The  simplest  cases  of  these  markings  are  those  of 

44.  Dgb  or  Pill,  oflen  *>  » 

taken    for  pora,  such 
ae  those  tm  the  cells  of 
d>e  pith  of  Elder  (Pig. 
25),  and    upon    those 
Ifaat  are  called  dotted 
iMtU;  as   in  Fig.  39, 
and  Fig.   21,  h.     All 
markings   of  this  kiad 
are  thin  spots,  which, 
(or  scHne  reason,  have 
not  partaken  in  the  gen- 
eral thickening  of  the  wall.    It  has 
been  explained  by  supposing  that  a 
■light  eolai^ment  of  the  original 
wall  takes  place,  which  stretches  the 
nascent  lining,  so  as  to  break  or  fray 
it  into  slits  or  holes  here  and  there. 
But  their  remarkable  regularity,  and 
the  uoiformity  with  which  each  suc- 
cewive  layer  is  moulded  on  the  pre- 
ceding, with  exactly  corresponding 
iotemipuoDs  (42),  forbid  our  adopt- 

*  Id  this  w>7,  and  b;  taking  RdTiinEage  of  ibe  bet,  that  (he  secoDdkr;  de> 
poiiti  in  ttic  cells  consist  in  put  of  mineral  matter,  wliich  i»  left  behind  in  the 

no.  so.  Hkfniagd  crrm-aMlloa  or  •  mull  ponioo  of  baut-irood  of  thn  Pluw-tn*  ot 
BaUBWood  (l^upn  DCCldiuUlliJ,  9t.  A  cotrupandlng  looglLudlnal  •eclton,  pmllrl  nilb 
tbi  clreumlimnea.  a.  Ths  dotlad  madr  IIwh  ;  tbe  tower  end<  ol  ihc  [hd  colli  to  wlikh  Ibt 
tauen  in  ^ipaniled  aredlTldad  lenglhirln,  h  u  u  (hDir  Ihe  Imgutarlj  thlckenod  calibn;  Iba 
Mlm  in  tnaitij  Hiln,  (hairing  Ihi  doto:  In  IIb  ernaB-nclian  Lhs  neandiry  dBpnli  li  iMa 
lo  turn  Indlftincl  t>r>ni  •h'  •o'M  «<  >l>a  dnu  Lo  fotai  unili  at  lalarml  cammunluilon.  b,  Dot> 
tad  dueu :  Dm  mhMIs  one  in  Ibe  landiudlnal  OKllon  ii  oblkgndr  )a)nted.    <,  KeAaWsrt  "J- 

no.  n.  pDitlon  of  Ibur  cella  of  ll»  woody  tling,  with  both  Innnona  and  toii(lludl»l 
■■tiioii,  Ufhl^  mafnlOad,  abowliif  lb*  eaoala  or  dMp  pito  to  Iho  thiekoard  walb,  and  iMrap 
paM«la*d]iiliiliitcalk:  oa  ibacnanaciloBtbi  Ic/MaoTdopoollan  B»n;datnl7TliiHi. 
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ing  this  mechanical  explanation.  Although  they  are  not  prima- 
rily pores  or  real  perforations  of  the  wall,  as  has  been  thooght  by 
■ome,  yet  they  often  become  so  with  age,  by  the  breaking  away 
of  the  thin  primary  membrane,  after  the  cell  has  lost  its  vitality. 
The  subjoined  dissections  of  the  wood  of  the  American  Plane-tree, 
already  referred  to,  clearly  show  the  true  nature  of  these  dola, 
which  here  abound  on  the  proper  wood-cells  as  well  as  the  larger 
ducts.  Except  in  their  leaser  size  and  greater  depth,  arising  from 
the  ntore  extensive  thickening  of  the  tubes,  they  do  not  essentially 
differ  from  the  well-known 

45.  DiKl,  or  large  eiradar  dots,  which  mark  nearly  all  the 
wood-cells  of  the  Pine  Family  (Fig.  23,  24).  These  are  thinner 
spaces,  which  consequently  appear  more  transparent  than  the  rest 
of  the  tube  (except  when  filled  with  a  film  of  sir),  when  viewed 
by  Inuismitted  li^t.  The  discs  of  contiguous  tubes  are  applied  di- 
.  rectly  to  each  other,  feoe  to  face  (juM  as  the 
canals  or  thin  places  of  other  cells  thickened 
by  secondary  deposits  correspond,  42),  and 
each  is  a  little  depressed,  so  that  a  lenticular 
apace  is  left  between  them,  as  between  two 
watch-glasses  put  together  by  titeir  circumfer- 
ences. They  are  seldom  found  on  the  sides 
of  the  wood-cells  that  look  towards  the  baric 
or  towards  the  pith  ;  while  they  abound  In  a 
section  made  in  the  direction  of  the  lines  of 
silver-grain.  The  dots  on  the  wood-cells  of 
the  Plane-tree,  on  the  contrary,  are  moat  abundant  on  the  sides 
that  look  towards  the  centre  and  the  circumference  of  the  trunk. 
Although  of  universal  occurrence  in  the  Pine  Family  and  the  relat- 
ed  order  Cycadacese,  these  discs  are  not  restricted  to  them,  as  was 
once  supposed.  Mr.  Brown  long  since  showed  that  the  wood  of 
the  Winter's-bark  tree  was  simitariy  marked ;  and  our  Fig.  33 
represents  them  as  they  appear  in  the  Star- Anise  of  Florida,  which 
belongs  to  the  same  natural  group  of  plants.    They  are  said  to  be  ' 


Mb«i,  ProT.  Bailey,  of  Weit  Point,  has  enabled  at  to  detect  anil  diBtiugniih 
vegetable  tiunei  in  aolbradle  coal.      See  SiUman'i  Joantal,  VoL  1.,  New 

FlO  13.    FlHss  or  ■  Flw>  ihiTing,  mifnHM,  to  ■boK  lbs  dMi «  dm  nklch  apptv  oa  Iba 
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"  common  in  aromatic  trees  "  ;  probably  under  formt  scarcely  if 
at  all  distinct  from  ordinary  dotted  wood-cells. 

46.  ludx,  Bioil,  at  Splnl  Ivkiip.  These  are,  in  most  cases  at 
least,  definite  porboos  of  the  wall  more  thickened  than  the  rest ; 
as  is  shown  by  the  ^irai  vessel,  where  the  secondary  Tormation  Is 
restricted  to  a  delicate  thread,  capable  of  being  unwound  (60)  ; 
and  particulariy  by  the  thick  plate  which  winds  around  in  the  celb 
of  certain  Cacti,  like  a  spiral  staircase  (Fig.  39).  Markings  of  this 
Idnd  (which  are  rarely  thick  and  projecting  as  in  the  last  exam- 
ple) occur  as  rii^  (Fig-  43),  or  fragments  of  rings  (Fig.  44),  but 
more  frequently  as  spiral  threads  or  bands  (Fig.  26),  sometimes  ss 
branching  threads  (Fig.  27);allof  which,  however, exhibit  a  spiral 
tendency.  The  elongated  cells  which  form  the  haira  on  the  seeds 
«f  many  Acanthaceous  plants  exhibit  these  markings  in  great  va< 
liety.  Two  sucb  cells  from  the  same  seed,  one  with  a  series  of 
rings,  the  other  with  a  continuous  spiral  thread,  are  represented 
in  Fig.  31.  Sometimes  a  band  of  fibres  appears  to  ascend  in 
Ibe  same  direction :  occasionally  two  spiral  threads  seem  to 
wind  in  opposite  directions ;  and  sometimes  branching  threads  in- 
oaculate  and  form  a  kind  of  network  on  the  membrane,  as  in  Fig. 


38.     Often  the  rings  or  turns  of  the  spiral  thread  are  nearly  ii 
contact  (Fig.  45)  ;  while  as  frequently  they  are  separated  more  o 

Pia.  at.    Cinar  LhtpKhiif  Eld«,mrkHl  wiLhoUiiiifdaW. 

FIO.  M.    CkUinf  Lhiltarnf  3plufiuiiB,gi  (•«(  H«,  iDuksl  witb  ■  tplnl  fitn. 

FIO.  W-M.    Spirally  tanJclulL.  (mm  .peclB  or Cicnu.intiSchlclJen. 

FIG.  31.  Hiln  fnni  th*  Htdaiu  orRntQIi  MnpeM;  cms  •rith  a  ■ptra!  bwtd,  ihe  oih 
Kith  ■  M  or  ring!  ibnlopBd  an  tba  Inrwr  niliiu  of  i)H  lubs. 

FIG.  32.  Tiwie  rramllia  lining  of  tke  Hither  of  CobHiicuideng;  when,  Iha  Jeliciiu  oil 
•r  Uia  Mll(  Mnf  Kun  cMllanud,  Ibe  flbioiu  tandi  with  wkkhlhaj  nn  nuitnl  nmin. 
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lew;  na  if  the  cell-nwinbrane  had  extended  after  the  thread  wu 
deposited,  which  'a  probably  the  case. 

47.  The  delicate  walls  of  some  wich  cells  are  lora  or  oUhenled 
at  maturity,  while  the*  firmer  bands  or  fibrous  markings  remaio  in 
the  form  of  separate  threads ;  as  la  the  tissue  that  lines  the  walla 
of  the  aniber  (Pig.  3S).  In  a  similar  manner  the  spirally-marked 
Uibes  that  are  mbgled  with  the  seeds  of  the  Hepatic  Moaaba  are 
converted  into  elastic  spiral  threads  (F^g.  85).  So,  also,  the  del* 
icate  cells  or  h«r8  that  invest  the  coat  of  some  seeds,  which  coo- 
taia  a  spirally-coiled  thread,  give  way  when  moialened,  <«  aro 
torn  asunder  by  the  force  with  which  the  thread  uncoils. 

4a  FlH  OellliBMU  Celll  in  Cdll.  in  many  caaea,  however,  the 
spiral  deposit  in  the  cells  which  form  the  hairs  on  the  surface  of 
seeds,  and  of  some  seed-like  fruits,  remains  of  a  gelatinous  ctm- 
sistence,  and  lies  loose  in  the  cell.  When  moistened,  water  is 
absorbed  by  eDdosmoeis,  the  gelatioous  contents  swell,  burst  dw 
cell'membrane  (at  the  same  time  frequently  forcing  it  away  from 
its  attachment),  and  gush  out  in  the  form  of  uncoiling  mucilagi- 
nous threads.  Examples  of  the  kind  are  furnished  by  the  seeds  o£ 
Collomia  and  Gilia ;  and  very  striking  ones  by  hairs  or  papilla  oa 
the  seed-like  fruits  of  numeious  species  of  Senecio  and  the  allied 
genera.  Those  of  Crocidium  project  a  thick,  mucilaginous  twisted 
band,  in  place  of  a  thread.  This  structure  is  known  to  be  com- 
mon on  the  surface  of  seeds  and  seed-like  fruits ;  one  purpose 
which  it  subserves  will  be  pointed  out  in  a  future  chapter. 

49.  Similar  in  their  formation,  probably,  are  the  loose,  spirally- 
eoiled  bodies,  which  are  found  in  the  antheridia  of  Mosses  and 
Liverworts,  in  seedling  Ferns,  &c. ;  which,  on  account  of  their 
exhibiting  a  vermicular  motion  in  water  when  first  extricated  fiom 
the  cell,  were  denominated  Pkytoxoa  by  Grisebach.  The  fuactiona 
which  these  bodies  are  supposed  to  perform,  in  reproduction,  wili 
be  explained  bereaAer. 

Sect.  III.     Op  the  Kikds  ok  THAitsFOBXATionB  of  Celldlas 
Tissue  ;  viz.  Woody  Tissue,  Ducts,  etc. 

50.  The  statements  of  the  preceding  section  apply  in  gener^ 
to  the  cells  of  which  all  plants  are  composed,  irrespective  of  the 
manifold  forms  they  may  assume,  and  of  some  peculiar  transfor- 
mations they  may  tmdei^.    Some  of  these  should  now  be  speci- 
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fied ;  Bs  tbey  give  riae  to  kinds  of  tiasue  so  unlike  the  ordinsiy 
cellular,  in  outward  appearance  at  leaat,  that  they  ha?e  always 
been  distinguiBbed  1^  special  names.  We  allude  particularly  to 
what  u  called  Woody  Tiaaie  or  Woody  Fibre,  and  Vasmlar  Timus 
or  VeutU,  of  Tarions  Tonns.  -  These  have  been  considered  as 
eaaentially  diflerent  kinds  of  tissue,  of  independent  origin.  But  it 
ia  now  known  that  they  are  modifications  of  oiie  common  type,  the 
eell,  and  are  produced  in  the  same  mode  as  ordinary  cells  ;  so  aU 
tbe  sleleroeats  of  tbe  foregoing  section,  in  respect  to  the  forma* 
tion,  multiplication,  and  growth  of  cells,  are  equally  applicable  to 
these  also.  Some  kinds  differ  from  ordinary  cells  in  shape  alone  ; 
Others  result  from  their  combination  or  confluence.  This  is  shown 
is  two  ways:  first,  by  noting  tbe  intermediate  gradations  which 
may  be  found  between  every  particular  sort;  and  second,  by 
watching  their  development  and  tracing  them  directly  from  their 
eariiest  condition,  as  ordinary  cells,  to  the  peculiar  forms  they 
SOCHI  assume.  Tbe  first  of  the  kinds  enumerated  below  is  typical 
cellular  tissue ;  the  second,  through  a  slight  change  in  the  develop- 
menl,  introduces  tbe  special  forms. 

51.  PirailcbTBU  is  the  substantive  name  applied  to  ordinary 
membranous  cellular  tissue  in  general,  such  as  tlmt  which  forms 
die  pith  of  stems,  the  outer  berk,  &.c.  In  the  most  restricted  ap- 
plication, it  belongs  to  such  tissue  when  composed  of  angular  or 
pdyhedral  cells  (as  in  Fig.  1-3,  13,  &c.)  ;  the  distinctive  name 
of  Merawhyma  having  been  proposed  for  the  looser  tissues  (as  in 
Fig.  7,  and  in  the  pulp  of  leaves  and  fruits  generally),  formed  of 
rounded  or  ellipsoidal  cells,  tiiat  is,  where  they  do  not  mutually 
impress  each  other  into  plane  faces.  But  this  distinction  vanishes 
in  Ae  numberless  intermediate  states;  and  the  name  of  Faren' 
ekyma  is  applied  to  both.  That  in  which  the  walls  barely  touch 
each  other,  more  or  less  eitensively,  and  leave  intervening  spaces 
where  tbe  ends  or  sides  are  rounded  off,  is  termed  by  Scbleiden 
incomplete  paratekyma.  Tbe  principal  forms  of  complete  paren- 
chyma, where  the  cells  are  in  perfect  contact  on  every  nde,  and 
tbe  sections  are  consequently  severaUsided,  are  designated  by 
adjective  terms ;  as  tbe  regular,  when  the  cells  are  dodecahedral 
or  cubical ;  the  dangated  or  priematie,  when  extended  longitu- 
dinally ;  and  tbe  tabular,  when  cubical  cells  are  much  flat- 
tened ;  one  kind  of  which,  called  the  mari/orm,  because  the  lat- 
erally  compressed    cells  appear  in  the    magnified   section   like 
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oouraes  of  biicks  in  r  wall,  is  seen  m  Ike  ail*flr-gram  of  wood 
(Fig.  30.  c). 

62.  PiMMChfBI  ia  the  general  nnme  to  designale  tissues  fonned 
of  elongated  cells,  with  pointed  or  conical  extremities;  their  nar- 
rowed ends  overlapping  and  thus  filling  up  the  interveolng  spacea 
which  must  otherwise  exist.  Every  gradation  may  be  traced  be- 
tween this  and  incomplete  parenchyma.  As  to  length,  auch  cells 
vary  from  ftuiform,  or  spindle-shaped,  only  three  or  four  times 
toDgar  than  brood,  to  tubular,  aad  to  tubes  so  long  and  narrow  that 
tbey  are  commonly  called  fibres.  As  to  their  extremities,  they 
are  oflen  so  blunt,  and  applied  to  each  other  with  such  modente 
obliquity,  that  they  are  more  properly  said  to  be  placed  end  to  end 
than  side  by  aide ;  while,  again,  precisely  similar  cells,  sometimes 
even  in  the  same  bundle,  exhibit  flattened  ends  resting  directly  one 
over  the  other,*  Nor  can  we  draw  any  fixed  line  of  distinction 
from  the  thickness  of  the  walls.  Indeed,  no  one  can  diligently 
examine  the  tissues  of  two  or  three  of  the  commonest  plants,  with- 
out perceiving  that  there  is  no  essential  difference  between  cellu- 
lar and 

53.  Woody  liune.  (P/eurmcAyma  of  Meyer  and  Lindley.  Woodg 
Fibre  of  the  older  authors.)  Wood,  which  makes  up  so  large  a 
part  of  trees  and  shrubs,  and  a  distinguishable  portion  in  all  Phge- 
ac^mous  (110)  herbaceous  plants,  is  wanting  in  Mosses  and  plaots 
of  still  lower  grades,  such  as  Lichens,  Sea-weeds,  and  Fungi. 
That  is,  in  the  latter  there  is  no  formation  corresponding  to  the 
woo^  of  hi^er  plants,  although  many  of  them  exhibit,  at  least  in 
certain  parts,  prosenchymatous  cells,  and  othere  drawn  out  into 
tubes  or  hollow  fibres  of  greater  length  and  tenuity  than  are  those 
of  ordinary  wood  ;  such,  for  instance,  as  the  interlaced  fibrous  tis- 
sue of  Liciiens  (Fig.  15).  Nor,  on  the  other  hand,  does  the  proper 
woody  system  of  trees  (except  in  the  Pine  Family)  consist  entirely 
of  that  form  which  has  received  the  special  name  of  woody  tissue, 
but  three  or  four  other  sorts  are  variously  intermingled  with  it. 
Indeed,  there  are  some  trees  whose  wood  is  almost  entirely  com- 
posed of  true  parenchyma,  or  of  large  dotted  (58)  cells ;  while 
in  stone-fruits,  and  many  like  cases,  common    parenchymatous 

*  The  forming  woodjr  tissne,  u  leeD  in  s  germinating  plant  or  joong  root- 
let, eotukte  oT  priimatic  celts,  with  iqiure  ends ;  u  th««e  leng;then,  their  eiidt 
posh  by  each  other,  and  lo  become  obliqae  and  wedged  together,  or  cDOTerlcd 
into  prtwenchj^na. 
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celt*  acquire  by  incniMBtioa  a  li^eous  conButence  and  even 
greater  density  than  wood  (39).  Nevertheless,  the  principal 
sod  characteristic  component  of  wood  in  general  is  thick-walled 
proeeDchyma.  So  that  thiff  takes  the  name  of  woody  tissue  even 
in  the  bark,  leaves,  &c.  Pig.  21  represents  some  pleurenchyma 
aicmg  with  the  (Hber  usual  elemeDta  of  the  wood,  and  ehowa  the 
manner  in  which  these  woody  tubes  are  spliced  together,  as  it 
weie,  by  their  overlapping,  pointed  ends.  Their  diameter,  in  this 
instance,  is  about  70W  of  an  inch.  Those  of  our  Linden  or 
Bass-wood  (a  few  of  which  are  shown  in  Fig.  36,  37)  are  rather 
lai^r,  but  not  more  than  1-5^7  ''^  ^°  ^<^^  '"  diameter.*  Their 
■ize  varies  in  different  plants  almost  as  much  as  ordinary  cells 
do,  but  they  are  usually  much  snialler  than  parenchyma,  espe- 
cially in  herbaceous  plants.  Perhaps  the  largest  are  found  in 
the  Pine  Family,  where  they  are  of  a  peculiar  sort,  and  are  often 
as  much  as  ^j^  or  ^^  of  an  inch  in  diameter.  The  density  or 
closeness  of  grain  in  wood,  however,  does  not  depend  so  much 
00  the  fineness  of  the  wood-cells  as  upon  the  intermixture  of  other 
kinds  of  tissue,  and  the  thickness  of  their  walls.  This  is  much 
greater  in  proportion  to  their  diameter  than  in  ordinary  parenchy- 
ma, and,  with  their  slendemess  and  their  very  compact  arrange- 
ment into  threads  or  masses  which  run  lengthwise  through  the 
stem,  conspires  to  give  the  toughness  and  strength  which  chamc- 
terize  those  parts  in  which  this  tissue  abounds.  A  transverse  sec- 
tion under  the  microscope  shows  that  woody  tissue  is  composed 
of  lengthened  cells,  that  is,  of  hollow  tubes  and  not  of  solid  floras 
(Fig.  20,  36,  &-C.),  But  as  their  walla  thicken  by  the  secfHidaiy 
or  incrusting  deposit  to  which  they  are  especially  liable  (39  -  41), 
ibe  calibre  dimintsbes,  and  in  old  wood  sometimes  becomes  nearly 
sUiterated.  This  thickening  usually  occurs  evenly  in  woody  tia- 
soe;  at  least,  bands  or  spiral  lines  are  seldom  seen  in  it;  but 
small  dots  or  pores,  the  nature  of  which  has  already  been  ex- 
plained (44),  are  not  uncommon.  They  are  well  shown  in  the 
wood  of  the  Plane-tree  (Fig.  20-22).  Of  similar  character,  only 
more  conspicuously  marked,  is  the 

54.  DUe-bearing  Woody  Tiisue  {Glandular  Woody  TVsme  of 
Lindley),  which  forms  the  wood  in  the  Pine  Family.    The  nature 

'Liodlej  states  that  the  woody  tubes  of  tbe  Linden  are  u  mocb  m  ^ 
of  tn  inch  in  diameter:  bat  1  find  none  of  saj  tbing  like  thi^  bIm. 
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of  tbe  ducB,  or  thin  spots,  has  just  been  expluned  (45).  On  »• 
count  of  their  markings  and  unusually  lai^  size,  and  because  id 
the  Pine  Family  they  moke  up  the  wood  without  any  admixture 
of  ducts,  these  peculiar  wood-cells 
have  been  thought  to  be  rather  a 
fomi  of  vascular  lissue.  But  in  the 
Star-Anise  the  same  kind  of  mark- 
ings is  found  on  undoubtedly  genu- 
ine woody  tissue  (Fig.  S3).  In  the 
Yew,  on  the  other  hand,  where  the 
discs  are  few,  delicate  spiral  mark- 
ings appear  (Fig.  34),  showing  a 
perfect  transition  between  the  prop- 
er woody  and  the  vascular  tissues ; 
as  is  seen  by  comparing  the  figure 
^  „  with  thnt  of  a  spirally  marked  duct 

of  Bass-wood,  Fig.  36,  a. 
55.  But  Tiline,  or  Woody  Tiatue  of  the  Liber.  The  hast  or 
ion,  fibrous  inner  bark,  or  liber,  as  it  is  variously  termed,  of  those 
plants  that  have  a  true  bark  separable  from  the  wood  of  the  stem, 
b  principally  pleurenchyma,  consisting  of  much  longer,  very 
thick-sided,  and  usually  tougher,  but  more  soft  and  flexible  cells, 
than  those  of  the  wood  itself.  These  properties  are  "  probably 
given  them  that  they  may  possess  the  strength,  combined  with  flex- 
ibility, which  their  position  near  the  circumference  of  a  branch 
renders  necessary."  These  especially  adapt  Ihem  to  the  useful 
purposes  they  so  largely  subserve  for  clothing  and  cordage. 
The  textile  fibres  of  flax,  hemp,  &.c.  are  all  derived  from  this 
woody  tissue  of  the  bark,  separated  from  the  brittle  cells  of  the 
wood  itself,  and  freed  from  the  surrounding  thin-sided  parenchy- 
ma by  maceration  (which  soon  decomposes  the  latter)  and  me- 
chanical means.  Cotton  differs  from  linen  in  many  respects ;  it 
consisting  of  hairs,  or  long  tubular  cells,  growing  on  the  seeds, 
with  very  thin  walls,  that  collapse  so  that  they  twist  variously, 
which  gives  them  a  peculiar  adaptation  to  be  spun,  or  drawn  out 
together  by  torsion  into  a  thread.     But  the  walls  have  none  of  the 

Fro.  33.  MagniAed  ifomlT  lluua  nf  lUicium  Florlduium  (Umglludlna]  ricw),  mutod  wlih 
Ivfe  dou,  like  ihE  diKi  oD  Iha  mod-ulli  of  tb«  Fina  Funllj. 

PIG.  34.  MifiilGn]  woodjr  tioua  from  Iba  Anwrlun  Yan  (ImfHudliu]  riaw),  ihowtnf 
dalicHaiplnl  muklqgi;  KHHorihauDoJaoibaoinf  Ihadiic-Hka  muklagi  or  dotaof  ontl- 
Dujr  Coaifara.    Acmm  tha  bua  ii  agap  ■  ponhn  of  >  aiiaUtlJ  n>/. 
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diK^noBa  and  tougfaneas  which  characterize  the  liber-cells.  Fig. 
35  TepreseDts  one  of  the  bast-cells  of  our  Bosi-wood  h  m 
or  Liaden,  with  a  portion  of  another;  while  Fig.  36, 
37,  represent  a  few  of  the  cells  of  the  wood  from 
the  same  stem,  and  equally  magnified  ;  showing  the 
gt«Bt  difference  in  the  length  of  the  fibre-shaped 
cells.  Being  a  sof\  wood,  the  cells  of  the  latter  have 
thin  walls,  as  is  seen  on  the  cross-section  of  two  of 
them  at  the  top ;  while  the  section  of  one  of  the 
bast-cells  shows  a  thick  wall  and  very  small  cali- 
bre. The  disproportion  in  length  b  still  greater  in  ' 
our  Leather- wood,  which  has  a  bark  of  extraordi. 
Dory  toughness,  used  for  thongs,  while  the  wood 
itself  is  very  biittle  and  tender.  Its  capillary  bast- 
oelb  measure  from  an  eighth  to  a  sixth  of  an  inch 
in  length,  with  an  average  diameter  of  70^9  of  an 
inch  (so  that,  if  the  whole  length  of  a  cell,  magni- 
fied  as  in  Fig.  38,  were  given,  the  figure  would  be 
from  a  foot  to  a  foot  and  a  half  in  leoglh),  while 
thoee  of  the  wood  itself  are  only  the  .^j^  of  an  inch 
kmg.  Among  the  bast-cells  are  found  the  longest 
cells  which  occur  in  any  tissue.  Schlelden  says  that 
be  has  measured  those  which  were  four  or  five 
inches  long.     They  are  of  great  length  in  the  Milk-              " 

weed  Family,  and  in  tbe  Dc^bane,  or  Indian  Hemp, 
the  lough  bark  of  which  accordingly  furnishes  the,ab- 
origines  a  sort  of  ready-made  cordage.  In  these  fam- 
ilies they  are  said  by  Schleiden  frequently  to  exhibit 
"  very  delicate  spiral  fibres,  crossing  each  other.  In 
some  spots  their  cavity  becomes  entirely  obliterated  ; 
whilst  in  others  they  are  swollen  and  vesicular,  and 
contain  a  true  milky  juice."  So  that  they  are  the 
milk-vessels  in  these  plants ;  at  least  in  part.  The 
ribs,  with  the  veins  and  veinlets,  thai  form  the  fibrous 
framework  of  leaves,  giving  to  them  the  requisite 
firmness,  are  chiefly  of  the  same  kind  of  woody  tissue  as  those  of 
the  bark. 

FI6.  36.    Two  tut  odli  fhun  ihg  Iwk  nf  Ihs  Imariun  Bra-wood,  nrngnlfled. 
FIO.  3&    Sam  woodT  Unua  from  Ihi  Hood  ef  tbi  nnu  i  n,  uppsr  and  of  ■  iplnajniuktd 
dad.    37.  A  npuslg  «U  (mrn  tin  wood.    All  magnlllFd  lo  Ihi  Bmc  dagree  u  Fii.  3S. 
no.  3&    ^HbofioiiHbul'uUifminUHlut  artbgLMllMMniod(IHiu|idi:nrii},UihI]r 
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56.  The  woody  tissue  nins  lengthwise  through  the  stem,  root,  or 
other  organ  (except  in  reticulated  leaves,  and  there  its  ramifica- 
tions all  spread  in  one  plane) ;  for  this  reason,  it  is  sometimes  de»- 
ignated  as  Longitudinal  Ti*sue,  the  Vertical  or  Longitudinal  SgM' 
tern  of  the  stem,  &c.  It  shares  this  name,  however,  with  some 
other  fonns  of  tissue  which  accompany  it,  particularly  in  the  wood. 
These  all  agree  in  exhibiting  markings  of  some  kind  on  their 
walls,  and  in  being  larger  than  woody  tissue  :  they  are  all  more  or 
less  tubular,  or  conspire  to  form  tubes  of  considerable  length,  and 
hence  ihey  have  all  been  combined,  in  a  general  way,  under  the 
name  of 

67.  Taicnlar  Time  or  Tentll.  This  is  an  unfortunate  name,  how> 
ever,  and  apt  to  mislead,  like  most  of  those  in  botany  that  are 
baaed  on  loose  analogies  with  the  animal  kingdom.  To  avoid  the 
erroneous  impressions  that  are  so  prevalent,  it  should  be  remem- 
bered that  these  so-called  veitelt  are  mere  modifications  of  cellular 
tissue,  and  are  wholly  unlike  the  veins  and  arteries  of  animals.  It 
is  much  better  to  call  them  duett,  a  name  appropriate  to  their 
nature  and  office,  and  leading  to  no  false  inferences.  Their  true 
nature  is  most  readily  shown  in  the  largest  and  most  conspicuous 
form,  which  often  exhibits  unequivocal  indications  of  its  cellular 
origin,  namely,  ' 

58.  Dotted  Ihltll,  called  also  PilUd  or  Variform  Titme,  Bolltren. 
cAysui,  &c.  (Fig.  39,  40).  They  have  likewise  been  termed  Po> 
rou*  Cell*  or  Porous  Vettela ;  but  the  round  or 
oblong  dots  that  characterize  them  are  thin 
places  where  the  wall  has  not  been  thickened 
by  an  internal  incrusting  deposit,  as  has  al- 
ready been  explained  (44),  and  not  perfora- 
tions,  except  in  old  cells  where  the  primary 
membrane  is  oblitemted  at  these  points.  Some- 
times they  are  continuous  tubes  of  considerable 
length  (Fig.  40) ;  but  commonly,  the  circular 
lines  which  they  exhibit  at  short  intervals  (as  in 
"  "  Fig.  39),  and  the  imperfect  transverse  partition 

which  is  often  found  at  these  points,  plainly  indicsle  their  compo- 
sition ;  showing  that  ibey  are  made  up  of  a  row  of  cells,  with  the 
intervening  partitions  mora  or  less  obliterated.    In  Fig.  21,  some 

Fia  X  PimnnaridMtadduaniiislba  Vina,  iiiikiltlr  mads  nporiHrlHiif  (hat  oil*. 
FIO.  «1    Pwtof  ■Hi»UU(lDIUdduct,aI»<iia|Doappgwwiuor«whcnm|icilll(B. 
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or  these  ducts,  shown  in  place  among  the  woody  tissue,  are  seen 
to  have  oblique  partitions  of  the  same  kind.  An  examination  in 
the  forming  state  confirms  this  view  ;  and,  in  the  young  stems  of 
herbaceous  plants,  they  may  often  be  separated  artificially  into 
their  primitive  elements.  These  jointed  ducts  are  occasionally 
branched,  giving  further  proof  that  they  are  aggregations  of  con- 
fluent cells.  Dotted  ducts  are  usually  met  with  in  the  wood  alone, 
where  they  commonly  abound.  Being  of  greater  calibre  than  any 
other  celb  or  vessels  found  there,  they  form  the  pores  so  conspic- 
uous to  the  naked  eye  on  the  cross-section  of  many  kinds  of  wood, 
floch  as  of  Oak,  Chestnut,  and  Mahogany,  as  well  as  the  lines  or 
channels  seen  on  the  longitudinal  section.  Their  size,  compared 
with  that  of  the  wood-cells  in  the  wood  of  the  Plane-tree,  is  shown 
both  in  longitudinal  and  transverse  section,  in  Fig.  20,  21. 

59.  letiCBlllcd,  Budcd,  Ud  Snlarifonn  Bneb  are  the  modifications 
of  what  is  more  strictly  called  vascular  tissue  ( Trachtnckj/vui  of 
Morren  and  Lindley)  which  meet  resemble  dotted  ducts ;  and 
which  usually  take  their  place,  or  occur  with  them,  in  the  stems 
of  herbaceous  and  small  woody  plants.  There  is  no  essential 
difieience  between  them :  indeed,  they  are  often  distinguishable 


■lujlomi  dncu  of  t  Ftm,  nutaml  prIaiMile  b;  muunl  pm 
milir  ihKt  dT  ■  Fem,  Mm  inlaa  ipinl  tauid. 
Kiriwiiiha  WlldBtlMiDor  Jawal-mcd:  (hs  colli  of  tbg  Eh 
pwiu  rlnjL 
portion  of  ■  doct  limn  tb*  Isbulk  ot  Celn};  Iht  lownr 


FIO.  47.    A  UHnpoaikd  iplnl  •■ 


il,  (hUj  nncAlsd,  fram  tha  Buiua. 
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only  by  the  form  of  the  maHcings ;  and  thesa  vary  so  greatly  in 
the  tame  tiasuo,  and  even  in  the  very  same  duct  (Fig.  44),  tlMit  it 
would  be  an  endless  and  useless  task  to  describe  all  tbeir  Tarieiies. 
A  continuous  doited  duct  with  oblong  spots  is  nearly  tbe  same  as 
the  large  duels  with  rather  larger  markings,  disposed  so  as  to  form 
a  series  of  regular  bands,  which  abound  in  Ferns  (Fig.  43).  When 
the  markings  are  a  little  longer,  and  the  waits  are  rendered  pris- 
matic by  mutual  pressure  (as  in  parenchyma)  we  have  the  Seals' 
riform  Duett  of  Ferns  (Fig.  41),  so  named  because  the  lines  (or 
slits  as  they  become  in  old  linsue)  form  transverse  bars  TeBembUng 
the  rounds  of  a  ladder.  In  many  cases,  it  is  uncertain  whether  tbe 
lines  or  narrow  bonds  are  spots  thinner  than  tbe  rest  of  tbe  wall, 
as  ihey  certainly  are  in  dotted  ducts,  and  probably  in  the  scalari- 
form  vessels ;  or  whether  they  are  places  where  tbe  secondary 
deposit  is  thickened.  Probably  there  are  Reliadalfd  DueU  (those 
where  tbe  lines  branch  and  run  together  here  and  there,  forming  s 
network)  of  both  sorts ;  —  certainly  of  the  latter ;  for  we  occasion- 
ally meet  with  bu«Ii  markings  (as  in  tbe  middle  of  Fig.  44)  on  a 
part  of  the  walls  of  true 

60.  Auilu  BBd  Spiral  Oacbi  {Trachea).  Tbe  nature  of  their 
markings  is  explained  in  Paragr.  46.  They  are  elongated  celts 
(or  ducts  formed  by  the  confluence  of  several  cells),  with  their 
delicate  membranous  walls  strengthened  by  the  deposition  of  fibres 
within.  Sometimes  the  fibre  is  deposited  in  unbroken  rings  (as  in 
the  middle  of  Fig.  43,  and  in  Fig.  48,  d),  which  forms  the  Anntdar 
Duel.  More  commonly  it  is  deposited  as  a  con^nuous  spiral  coil, 
producing  the  Spiral  Duct  or  ^ral  Vessel  (Fig.  45  -  47)  ;  which 
is  taken  as  the  typical  or  pattern  form  of  vascular  tissue,  because 
of  its  universal  occurrence  in  Flowering  Plants,  and  because  of  the 
general  tendency  of  Such  definite  secondary  deposits  to  assume  a 
spiral  form.  That  these  markings  are  thickened,  and  not  thinner 
lines,  is  well  shown  in  those  remarkable  cells  from  Cacti,  already 
described  (Fjg.29, 30),  in  which  the  fibre  thickens  into  a  band,  with 
its  edge,  as  it  were,  applied  to  the  wall :  also  in  those  cells  which 
have  a  loose  spiral  fibre  generated  within  (48).  Moreover,  in 
what  is  called  the  true  Spiral  Vessel  (Fig.  45-47),  the  fibre  is  so 
strong  and  tough,  in  comparison  with  the  delicate  cell-wall  on 
which  it  is  deposited,  that  it  may  be  torn  out  and  uncoiled  when 
the  vessel  is  pulled  asunder,  tbe  membrane  being  destroyed  in  the 
operation.    This  is  seen  by  breaking  almost  any  young  shoot  or 
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leafelalk,  or  the  leaf  of  an  AmaiTllis,  and  gent);  separatini;  the 
broken  enda  ;  when  the  uncoiled  threads  appear  to  the  naked  eye 
like  a.  fioe  cobweb.  In  atema  furnished  with  pith,  the  spiral  ves- 
sels usually  ocoupy  a  circle  immediately  arouod  it.  They  occur 
also  in  the  veins  of  the  leaves,  and  in  all  parts  which  are  modifi- 
cations of  leaves.  More  commonly  the  spire  is  formed  of  a  siugle 
fibre,  as  in  Fig.  45,  46 :  it  rarely  consists  of  two  fibres  ;  but  not 
uncommonly  of  a  considerable  number,  forming  a  band,  as  in  Fig. 
47.  Such  Cowtpound  ^nral  VeaieU  are  to  be  found  in  an  Aspara- 
gus shoot ;  and  are  finely  seen  in  the  stems  of  the  Banana,  from 
which  the  fibres  may  be  extrected  in  large  quantities.  From  the 
Huaa  texttlia  of  Manilla,  of  the  same  genus  ae  the  Banana,  these 
oobwebby  fibres  are  procured  and  used  in  the  production  of  the 
moot  delicate  of  textile  fabrics.  By  comparing  Fig.  47  with  Fig. 
43,  we  may  readily  perceive  that  the  wall  of  those  ducts  in  Perns 
which  tear  into  a  band  when  pulled  asunder,  may  have  an  indis- 
tiitct  spiral  deposit,  composed  as  it  were  of  a  band  of  fibres  that 
are  confluent  into  a  lining,  but  are  individually  separated  at  certain 
points,  so  as  to  leave  iuterstices  in  the  form  of  bars,  dec. 

61.  Theae  diicts  or  vessels  usually  have  tapering  extremities 
(Fig.  45-47), as  in  prosenchyma.     Like  proeenchyma,  they  vary 
greatly  in  length ;  some  of  them  are  barely  oblong  or  cylindrical, 
ud  are  manifestly  only  simple  cells,  of  the  same  character  as  the 
fibrous- walled  cells  formerly  mentioned  (46,  Fig.  36, 29),  which  do 
rate  would   think  of  calling  vesaela.     Others, 
though  still  nothing  but  single  cells,  are  more 
prolonged.      But  those  which    form   lubes   of 
much  greater  length  usually  consist  (as  their 
development   shows),  like   dotted   ducts,  of  a 
row  of  cells  formed  by  multiplication  (32-34, 
and  therefore  produced  from  one  cell),  with  the 
intervening  walls  obliterated,  so  as  to  give  a 
continuous  calibre.     This  origin  is  well  shown 
in  some  of  the  spiral  ducts  in  Fig.  48  (a,  b,  c), 
which  are  conspicuously  jointed,  or  composet) 
of  a  series  of  cells  directly  confluent  by  their 

liral  ducU  from  Ihfl  Btem  of  PolTfiHium  oriAnuta,  ma^iAed:  a^o^a 

id  trlih  tbg  abn  elmlj  calUd  :  11m  Dan,  b,  if  umpcaed  of  oneh 
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tbnipt  extremities.  Even  the  pointed  oveHapping  eiida  of  two 
contiguous  ducts  frequently  communicate  at  maturity,  by  the  ob- 
literation of  the  membrane  between  the  coils  of  the  fibre.  The 
turns  of  the  spiral  fibre  are  more  commonly  close,  aa  in  Fig.  4B,  a  ; 
but  tbey  are  often  separated,  even  widely,  as  if  the  thread  had 
been  extended  by  the  elongation  of  the  cell  after  the  spiral  deposi- 
tion had  been  formed.  Pig.  48  exhibits  severd  degrees  of  this,  in 
difierent  vessels  of  the  very  same  bundle. 

62.  Inliriaced  FibriUifonn  TiWH.  This  is  quite  aa  distinct  from 
ordinary  cellular  tissue,  and  aa  worthy  of  a  special  name,  as  is 
any  sort  of  the  so^»illed  vascular  tissue  of  plants.  It  is  the  more 
worthy  of  notice  from  its  near  resemblaoce  to  ordinary  forms  of 
animal  tissue.  It  consists  of  very  long  and  much  attenuated,  sim- 
ple or  branching,  fibre-like  cells,  or  strings  of  cells,  inextricably 
entangled  or  interwoven  without  order,  so  as  to  make  up  a  loose, 
fibrous  tissue.  It  is  principally  met  with  in  Fungi,  Moulds,  &c., 
where  the  cells  are  extremely  soft  and  destructible ;  and  in  Li- 
chens (Fig.  15),  where  it  is  dry  and  much  firmer. 

63.  LaUeUeniU  TUiih.  ( VetseU  of  the  Latex  or  MiUcy  Jwiee, 
Cinenchyma  of  Morren  and  Lindley.)  This,  the  only  remaining 
kind  of  vegetable  tissue,  is  of  an  ambiguous  character.  It  conusts 
of  long  and  irregularly  branching  tubes  or  passages,  lying  in  no 
definite  position  with  respect  to  other  tissue,  and  wbeo  young  of 
■uch  extreme  tenuity  (their  average  diameter  being  less  than  the 

fourteen-hundredth  of  an 
inch)  and  transparency  that 
they  are  hardly  visible,  even 
under  powerful  microscopes, 
except  by  particular  manip- 
ulation. But  their  older 
trunks  are  much  larger  tban 
this,  when  gorged  with  the 
milky  or  other  special  juices 
which  it  ia  their  office  to 
*  contain,     and     when     their 

sides  are  thickened  by  the  deposition  of  such  matters.  Another 
peculiarity  is,  that  they  anaatomote  or  inosculate,  forming  a  sort  of 
network  by  the  union  of  their  branches,  so  that  there  is  a  free 
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eommmiicfttion  Ihrougfaout  the  whole  system.  In  this  respect,  aa 
well  probably  as  in  the  mode  of  their  formation,  they  resemble 
(be  veins  of  animals.  But  their  branches  do  not  proceed  from 
larger  trunks,  and  in  turn  divide  into  smaller  braachlets.  They 
merely  totk  and  ioosculaia  here  and  there,  the  braaches  being 
eommonly  as  large  as  the  trunk  before  division.  The  articula- 
tions which  they  often  present  (aa  ill  the  upper  part  of  Fig.  60) 
would  seem  to  prove  that  they  are  formed  by  the  ccmfluence  of 
cylindrical  cells.  It  appears  altogether  most  probable,  however, 
that  they  are  not  composed  of  cells  at  all ;  but  are,  at  first,  mera 
paasagos  in  the  intercellular  spaces,  which  in  time  acquire  a 
proper  membrane  by  depoeitioD  from  the  contained  fluid.  Tlie 
legular  circulation  which  Schultz,  the  discoverer  of  this  ttsaue,  so 
^abwately  described,  has  been  shown  (o  have  no  real  existence, 
lliere  is  merely  a  mechanical  flow  from  a  part  subject  to  pressure, 
or  towards  a  ^ace  where  the  latex  is  escaping,  as  from  a  wound. 
These  veaaeb  are  found  in  the  bark,  especially  in  the  liber,  in  the 
leafstalks,  and  in  the  leaves.  I^ey  are  most  numerous  or  con- 
spicuous in  those  plants  in  which  the  fluid  they  contain  becomes 
white  or  c<dored,  that  is,  in  those  which  have  a  milky  juice. 

64.  All  the  difierent  kinds  of  tissue  that  enter  into  the  composi- 
tion of  the  plant  have  now  been  described,  and  referred  to  the  cell 
as  their  original.  Every  plant  or  each  or^an  conusts  at  first  of 
mte  or  more  cells  of  proper  cellular  tissue ;  each  doubtless  com- 
mencing with -a  nngle  tpeeialiied  cell.  In  many  of  the  simpler 
vegetaibles,  the  cells  multiply  in  this  primitive  form  solely ;  and 
the  fuily  developed  plant  ccmaists  ot  parencki/ma  alone.  But  in  all 
plants  of  the  higher  grades,  some  of  them  early  assume  the  forms, 
or  undei^  the  transformations,  by  which  they  give  rise  to  woody 
tissue,  ducts,  or  vessels.  All  these  various  sorts  of  modified  cells 
Ue  vertically  in,  or  conspire  to  form  bundles  or  cords  that  run 
lengthwise  through,  the  stem  or  other  organ  they  occur  in  ;  so  that 
they  may  be  collectively  called  the  Verlteal  Si/ttem  or  Longitudinal 
S^Mtent  (56).  They  accompany  each  other,  and  together  make  up 
Ae  woody  parts,  as  in  the  wood  proper,  in  the  liber  or  inner  bark, 
and  in  the  fibrous  framework  of  the  leaves.  Although  the  various 
kinds  run  into  each  other  through  every  manner  of  intermediate 
forms  (aa  in  the  wood  of  the  Yew,  for  instance,  54),  the  whole, 
taken  together,  compoee  tissues  which  are  almost  always  manifest- 
ly difierent  from  the  parenchyma  in  which  they  are  imbedded.    It 
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M  convenient,  therefore,  to  give  to  then  the  collective  naine  of 
Fibro-eatcular  Titsuety  or  the  Fibbo-tascdlab  Stbtbm,  am  distirH 
guished  from  the  Horizontal,  Pabekchtmatoos,  or  common  Cel- 
LVLAB  System  of  the  plant. 

66.  Intonctlnlar  ijlim.  The  only  exception,  if  such  it  be,  to 
ihe  statement  that  all  the  vegetable  tissues  are  formed  of  celts,  is 
diet  of  the  so-called  vessels  of  the  latex,  which,  acconJing  to  the 
view  now  best  supported  (63),  do  not  so  originate,  but  are  a  secon- 
dary formatbn,  resulting  from  the  transudation  of  peculiar  assimi- 
lated maltera  into  the  interspaces  between  the  cells ;  and  are  tbers- 
fore  rather  to  be  classed  with  other  receptacles,  canals,  or  inter- 
vals that  are  found  among  or  between  the  calls.  Some  of  these 
are  due  to  imperfect  contact  or  cohesion,  and  are  in  some  sort 
accidental,  or  at  least  are  irregular  and  indefinite :  such  are 
the  iNTEBCELLniiAB  SPAcss  or  Passaobs,  left  when  the  angles  in 
parenchyma  do  not  accurately  fit  throughout.  Such  are  tiie 
larger  and  irregular  winding  passages  in  the  looser  tissues  called 
merenchyma  (51),  as  in  the  lower  stratum  of  the  leaf  (Fig.  7),  or 
those  formed  by  the  lobed  or  branching  shape  of  the  cells  them- 
selves, so  disposed  as  to  join  each  other  only  by  their  extremities, 
as  is  seen  in  many  water-plants.  These  spaces  are  soon  filled 
with  air.  There  are  besides,  in  the  stems  and  foliage  of  aquatic 
and  marsh  plants,  an  abundance  of  much  larger  Aib-CBlls  or 
AiB-FAssAOEs,  usually  of  matiy  times  greater  diameter  than  the 
cells  of  the  tissue,  and  produced  by  their  particular  arrangement 
These  are  as  elaborately  built  up  as  any  proper  organ  can  be,  are 
constructed  upon  a  uniform  plan  in  each  species,  and  are  evidently 
essential  to  its  existence,  such  plants  requiring  a  full  supply  of  air 
in  their  interior.  Other  air-spaces  or  empty  intervals,  apparently 
less  essential  to  the  life  of  the  plant,  arise  from  the  destruction  of 
a  part  of  the  parenchyma,  either  by  absorption,  or  by  distenticHi, 
from  the  more  rapid  enlargement  of  the  outer  part,  in  this  way, 
the  stem  or  the  pith  of  many  plants  becomes  hollow. 

66.  SMtpUelcR  of  Special  8«reUau.  These  arise  from  the  ex- 
udation of  the  proper  juices  of  the  cells  into  the  intercellular  pas- 
sages, which  are  distended  by  the  accumulation;  or  from  the 
obliteration  of  contiguous  cells,  so  as  to  form  cavities  of  considera- 
ble size.  Such  are  the  turpentine  canals  of  the  Pines,  &c. ;  the 
oil-cells  of  the  fruit  of  the  Umbellifene,  and  in  the  rind  of  the 
orange  and  lemon ;  the  latex-canals  in  Sumach,  &c. 
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C7.  Iltenal  GhUldti  such  m  those  which  form  the  translucent 
dots  in  the  lenves  or  the  Orange  and  Myrtle,  sra  coinpnct  little 
cloBten  of  cells  filled  with  essential  oil. 

68.  Epidermil  Syitem.  In  moat  plants,  except  of  the  lowest 
gmdes,  the  superficial  loyer  or  layers  of  cells  are  difierent  from 
those  they  envelope.  Also  certain  appendages  grow  from  the 
aorface,  which  may  be  hriefly  noticed  here. 

69.  The  BjddRnil,  or  skin  of  the  plant,  is  formed  of  one  or  mora 
layera  of  empty  cells,  with  thick  walls,  cohering  so  as  to  form  a 
firm  and  close  membrane,  which  may  be  torn  off  from  the  subja- 
cent tissue.  It  covers  all  parts  of  the  plant  that  are  directly  ex- 
poaed  to  the  air,  except  the  stigma.  Its  structure  and  office  will 
be  more  particularly  described,  (and  the  nature  of  what  has  been 
specially  termed  the  Cuticlt  explained,)  in  the  chapter  on  the 
Leaves. 

70.  SISBllti  (Stomala),  or  Brtaihing-porti,  are  orifices  connect* 
ed  with  a  peculiar  structure  in  the  epidermis  of  leaves  and  other 
green  parts :  their  structure  and  office  will  likewise  be  described 
in  tbe  chapter  on  the  Leaves,  to  which  organ  they  more  particu- 
larly belong. 

71.  Un  are  exterior  prolongattoos  of  cells  of  the  epidermis, 
consisting  either  of  single  elongated  cells,  or  of  several  cells  placed 
end  to  end,  or  of  various  combinations  of  such  cells.  They  are 
simple  or  branched,  single  or  clustered  (stellate,  &c.),  and  exhibit 
the  greatest  variety  of  forms.  They  are  called  Glandular  Haira, 
or  Stalked  Gland*,  when  tbe  upper  cell  or  cluster  of  cells  elabo- 
lales  peculiar  (usually  odorous)  products,  such  as  tbe  fragrant 
volatile  oil  of  the  Sweet  Brier. 

73.  Iiludl.  This  name  is  applied  to  any  secreting  apparatus, 
and  also  to  superficial  appendages  of  diverse  kinds. 

73.  BrilflM  (Sela)  are  rigid,  thick-walled  hairs,  usually  of  a  sin- 
gle cell.  But  the  name  is  likewise  given  to  any  setiform  body,  of 
whatever  nature. 

74.  Priekln  are  larger  and  indurated,  sharp-pointed  processes  <^ 
tbe  epidermis  or  bark ;  such  as  those  of  the  Rose  and  Blackberry. 

75.  SUip,  or  Siingittg  Hairi,  such  as  those  of  the  Nettle,  gener- 
ally consist  of  a  rigid  and  pomted  cell,  terminating  in  an  expanded, 
globular  base,  which  secretes  an  irritating  fluid. 

76.  Seirf,  or  Lepidote,  Scalt-like  Hairt,  are  flattened,  star-like 
clusters  of  cells,  united  more  or  less  into  a  flat  scale,  which  is  fixed 
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bjr  its  centre  to  tbo  epidarmta.  They  aie  well  Bhown  in  the  0(e- 
BSter,  Sbepherdia.  and  moat  Bilvery  leaves  like  tbein.  Our  spe- 
cies of  Vesicaria  exhibit  beautiful  gradatioDB  between  tbeae  and 
atollate  hain. 

Sect.  IV.     Of  the  Contents  of  the  Tissbes. 

77.  TsBaB  comprise  all  Ihe  product!  of  planta,  and  the  materials 
ihey  take  in  from  which  these  products  are  elaborated.  To  treat 
of  them  fully  would  anticipate  the  topice  which  belong  Ut  Ibo 
chapter  on  Nutrition.  Sonte  of  ibe  contents  of  cells,  however, 
have  already  been  mentioned,  in  the  account  of  their  productioa 
and  growth  (27  -  39) :  others  require  a  brief  notice  here,  eq>e- 
oi^ly  two  solid  products  which  are  of  nearly  unirenal  occurrence 
and  great  importance  in  the  vegetable  economy,  namely,  CUoro- 
phyll  and  Starch  ;  and  a  third,  which,  however  constant,  may  be 
regarded  as  a  kind  of  accidental  deposit,  namely,  Rapkide*  or 
Cryatalt. 

7S.  The  same  cells  contain  liquids,  solids,  and  air,  at  diflferent 
Agea.  Growing  and  vitally  active  cells  are  filled  with  liquid  (at 
least  while  vital  operations  are  carried  on),  namely,  with  water 
charged  more  or  less  with  nulrilive  assimilated  matters,  the  pre- 
pared materials  of  growth  (11,37).  Any  gaseous  matter  they 
may  contain  at  this  period  is,  for  the  most  part,  held  in  solution. 
Completed  cells  may  still  be  filled  with  liquid,  or  with  air,  or  with 
solid  matter  only.  The  liquid  contents  of  the  vegetable  tissues,  of 
whatever  nature  or  complexity,  are  often  ^token  of  under  the 
common  name  of 

79.  Ssp.  In  employing  this  name  wo  must  distinguish,  first, 
CatrDB  Saf  ;  the  liquid  which  is  imbibed  by  the  roots  and  carried 
upwards  through  the  stem.  This  is  water,  impregnated  with  cer- 
tain gaseous  matters  derived  from  (he  air,  and  with  a  minute  por- 
tion of  earthy  matter  dissolved  from  the  soil.  It  is  therefore  inoN 
gsnic  (12).  But  as  it  enters  the  roots  and  traverses  the  celts 
in  its  ascent,  it  mingles  and  necessarily  becomes  impregnated 
widi  the  liquid  or  soluble  assimilated  matters  which  these  contain 
(37).  On  reachiDg  the  leaves,  the  inorganic  materials  are  trans- 
formed, under  the  influence  of  light,  into  oi^nizable  or  assimilat- 
ed matter;  and  the  liquid,  thus  charged  with  the  ready  prepared 
materials  of  growth,  is  now  Elaborates  Sar.    The  two  classes  of 
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Dutritive  matter  thus  produced,  &ni)  which  all  forming  and  vitally 
ftctive  cells  necessarily  coDtain,  namely  the  ternary  (of  which  «ti- 
^arand  de^rine  are  representatireB),  and  the  quaternary  (jiro- 
tdne,  protopUunty  &c.),  have  already  been  ntentioned  (27). 
•  80.  Praper  JuJets,  Caontcbonc,  Enenliil  Wli,  TorpenliRti,  4c.  Of 
Ibo  peeuHar  produelt  of  plants,  which  occur  under  an  infinite  va- 
riety of  forms  in  different  species,  it  is  only  needful  to  say  here, 
that  they  doubtlesa  arise  from  one  or  the  other  of  the  two  clanea 
of  asaimilated  matter  just  mentioned,  by  chemical  transformations 
which  throw  them  out  of  the  ranks  of  nutritive  bodies.  They  seem 
to  be  turned  to  no  account  in  vegetable  growth ;  they  undergo 
changes  on  exposure  to  the  air,  by  which  they  become  resins, 
gnros,  wax,  &^. ;  they  incline  to  extravasata  into  intercellular  spa- 
ces or  into  cavities  of  dead  or  effete  tissues,  or  to  be  directly  ex- 
creted from  the  surface.  So  that  we  may  ref^rd  them  all,  per- 
haps, as  of  the  nature  of  excretions,  even  where  they  are  stored 
np  in  the  interior  of  the  plant  For  we  must  remember  that  the 
vegetable  has  no  organs  or  apparatus  for  eliminating  and  casting 
out  excreted  matters,  except  to  a  very  limited  extent  by  a  few  su- 
perGcial  ^ands,  which  are  found  in  some  plants  and  in  some 
organs  only.  Caoulehouc  exists  in  the  form  of  minute  globules,  dif- 
fused as  an  emulsion  in  the  milky  juice  of  plants,  most  abundantly 
in  Urticaces,  Eupborbiacen,  and  Apocynacen.  Gvtta  percka  i» 
a  similar  product  of  the  milky  juice  of  a  Sapotaceous  planL 

81.  Slanh  (Farina,  Fecula)  is  one  of  the  moat  important  and 
universal  of  the  contents  of  cells,  in  which  it  is  ofWn  accumulated 
in  great  quantity,  so  as  to  fill  them  completely  (Fig.  5ii),  as  in 
ftrinaceous  roots, 
seeds,  &^.  It  < 
CuiB  in  the  pa- 
renchyma of  al- 
most every  part  ^ 
of  the  plant,  ex- 
cepting the  epi-  "  ■■ 
dermis :  but  while  chlorophyll  is  nearly  restricted  to  the  superfi- 
cial parts,  directly  exposed  to  the  light,  starch  b  most  abundant 


FIO.  SI.  Tm  etOM  oT  ■  poUlo,  wlih  kih  conialnad  nuch-piliw,  hlghlr  m«tnllled  i  dim 
al  ita  all*  csnuloa  •  (an  cubieil  crrnili  lin. 

Flo.  SO.  A  mlmiLii  pottloa  of  ImJivi  mul,  airoDgl;  micalfM;  tbo  ctUa  ilmluMlj  SIM 
vlUi  inlH  at  lUTClk 
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in  internal  or  Bubtemmena  parti,  moat  concealed  from  the  light, 
tm  in  roots  and  tubers,  tbe  pith  of  stems,  and  seeds.  Starch 
consists  of  ovi^  or  rounded  gmios,  usually  somewhat  irregular  in 
outline,  and  sometimes  becoming  polyhedral  by  mutual  preasure, 
as  in  rice.  The  size  of  tbe  grains  varies  extremely  in  different 
fdsDts,  and  even  in  tbe  same  cell ;  as  in  tbe  potato,  where  the 
larger  grains  measure  from  ^g  to  ^4it  °f  ^o  '"^^^  >»  *^'^  la^r 
diameter,  but  the  smallest  only  ^^^  of  an  inch.  In  wheat-Aour 
tbe  lai^r  grains  are  ^^a  to  nia  of  an  inch  in  diameter.  And  tbe 
largest  starch>grains  known  are  ^io  of  '^  '°*='>  ^'"^S-  Indeed, 
from  their  manner  of  growth,  we  might  expect  that  tbeir  bulk 
would  be  somewhat  indefinite.  The  mode  of  thetr  formation  ia 
indicated  by  tbe  peculiar  markings,  by  which  sbroh-grains  may 
almost  always  be  recognized  ;  namely,  by  the  dot  or  darker  point 
which  is  seen  commonly  at  one  end  of  the  grain,  and  the  fine  coo- 
centric  lines  drawn  around  it,  which  present  the  {q}pearaiiee 
of  a  succession  of  irregular  circles  over  the  wbote  surface,  is 
whatever  direction  the  grain  is  tumed.  l^eae  appearances  are  . 
best  seen  in  stareh  from  the  potato,  one  of  the  most  characteristic 
forms  and  easiest  to  be  examined,  under  a  magnifying  power  of 
from  ^0  to  500  diameters  (Fig.  51).  Tbe  chemical  compositioa 
of  stareh  is  exactly  the  same  as  that  of  cellulose  (27) ;  and  tbe 
grains  are  solid  throughout,  but  their  interior  usually  sc^r  or  mon 
■  gelatinous.  The  lines,  therefore,  it  is  evident,  maA  the  c<Hic«ai> 
trie  layers,  or  hollowed  scales,  of  diflerant  density,  which  ar«  suc- 
cessively deposited  on  an  tmginal  nucleus.  The  dot  (or  hilum,  as 
it  bos  been  called)  that  indicates  the  positi(»i  of  the  nucleus,  be- 
comes a  concavity,  from  its  not  receiving  a  part  t^  the  successive 
deposits,  which  are  greatest  on  the  opposite  side,  or  very  eccentric. 
The  grains  lie  loose  in  the  cell,  and  are  probably  formed  so ; 
although  it  is  thought  by  some  that  the  nucleus  or  hilum  was  in 
contact  with  tbe  cell-wall,  so  that  the  increase  by  deposition  must 
necessarily  have  taken  place  on  the  other  sides.  On  the  whole, 
there  is  reason  to  conclude  that  stareh.grains  are  formed  on  nuclei 
or  cytoblasts,  that  is,  on  minute  solidified  portions  of  protoplasm, 
like  those  from  which  cells  primarily  originate,  by  the  depositioB 
of  layer  over  layer  of  ternary  assimilated  matter  (dextrine,  6lc.), 
essentially  like  that  which  constitutes  the  secondary  deposit  that 
thickens  tbe  cell-membraiie  (39).  Their  origin,  therefore,  would 
be  closely  analogous  lo  that  of  cells  formed  directly  from  a  cy. 
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toblaat  in  tbe  maniwr  propouDded  by  Schleiden;  only  tbal  the 
deposit  in  the  case  of  March  'a  txogvmmt,  by  layer  over  layer  upoa 
a  solid  nucleus;  while  in  tbe  cell  it  is  endogawu*,  or  by  layer 
within  layer,  lining  the  walla.  In  both,  the  solidified  matter  is  in* 
soluUe  in  cold  water;  but  in  starch  it  dissolves  (or  rather  swells 
op  into  a  jelly)  and  is  diflused  in  boiling  water.  Tbe  depo«t  oa 
Ihe  walls  of  the  cell  is  of  various  degrees  of  density,  and  sonw 
Umes  exhibits  the  chemical  peculiarly  of  starch.  Though  usually 
penuanent,  probably  it  is  lometiines  redissolved,  to  4e  appropri- 
ated elsewhere.  But  starch  is  a  temporary  formation,  for  future 
use ;  in  which  respect  it  may  be  compared  with  the  fat  of  animals. 
When  required  for  nutrition,  the  grains  are  restored  to  a  liquid 
state  in  the  plant,  at  the  oaiuial  temperature ;  that  is,  they  are  re- 
converted into  Dextrine, — a  modification  of  the  same  substance 
which  is  soluble  in  cold  water,  —  and  this  passes,  in  part,  at  least, 
into  Sugar,  which  is  still  more  soluble;  and  thus  a  syrop  is 
formed,  which  the  sap  dilutes  sod  conveys  to  tbe  adjacent  pans 
.  wherever  the  process  of  growth  is  going  on.  Phyuolt^cally  con- 
sidered, therefore,  stamh  is  unappropriated  cellulose,  stored  up  in 
a  particular  form,  as  the  ready-prepared  material  of  new  tissues  : 
while  dextrine  and  sugar  are  forms  in  which  the  same  unazoiized 
assimilated  matters  are  prepared  for  the  immediate  purposes  of 
Dutriiioa.  Tbe  part  which  these  substances  play  in  the  vegetable 
economy  will  be  more  fully  explained  elsewhere.  ■ 

82.  A  distinguishing  character  of  starch  is  that  it  is  turned  blue 
or  deep  violet  by  iodine,  even  in  the  most  dilute  stduiion.  Starch- 
grains  are  usually  simple  and  separate ;  but  occasionally  two  or 
more  young  grains  join,  and  are  enwrapped  by  new  layere  into 
wie.  In  some  plants  the  grains  regularly  cohere  in  united  clus- 
tera.  Compound  grains  of  the  kind  are  seen  in  West  Indian  Ar- 
row-root, the  corms  of  Colchtcum,  Arum,*  inc.  The  starch-grains 
aie  nearly  uniform  in  tbe  same  plant  or  organ,  and  of  very  differ- 
ent appearance  in  difierent  plants :  so  that  the  smallest  quantity  of 
starch  from  the  potato,  wheat,  rice,  maize,  &c.  may  at  once  be 
distinguished  under  the  microscope. 

83.  Ft^BtaUll  Jell;  {Bataorin,  Salepy  Pectine,  Vegetable  Mucilage 


*  The  rooUtockB  of  Bnuenia  Rod  Nympliff*  exhibit  oblong  or  eluh-shaped 
componnd  Blardi-graina  of  ^km  aiie,  verj  mnch  like  those  from  Anun,  rep- 
resented bj  Scbleiden,  on  page  17,  En^.  truulsiioa. 
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in  part)  has  tbe  chemical  comptMition  and  nearly  the  properties  of 
starch  after  it  has  been  diffused  in  hot  water.  It  is  not  only  one 
of  the  contents  of  cells,  as  in  the  tubers  of  Orchises,  in  maay 
fruits,  &c.,  and  largely  in  (hose  of  AIgm,  hut  it  also  forau  in  great 
part  the  cell-wall  of  Algte,  as  in  the  Carragheen  Moss  (Chondrua 
crispus),  from  which  vegetable  jelly  ia  obtained  for  culinary  pur- 
poses. When  dry,  it  is  homy  or  cartilaginous ;  when  moist,  it 
swells  up,  becomes  gelatinous,  and  is  capable  of  being  difiiiaed  per> 
fectly  throufh  cold  water.  It  passes  by  various  tnodificalions,  on 
the  one  hand  into  cellulose,  and  on  the  other  into  starch  and  dex- 
trine. We  have  it  as  an  excretion  in  Gum  Tragacanth.  True  guroa, 
such  as  Gum  Arabic,  &>c.,  are  altered  states  of  the  same  substance, 
or  of  dextrine,  and  are  likewise  formed  only  as  excretions. 

84.  Sngir  (of  which  there  are  two  distinct  kinds.  Cane  and  Grape 
Sugar)  is  the  most  soluble  of  the  many  forms  of  tenaary  organiza. 
Ue  matter,  as  already  stated.  Though  sometimes  crystallized  as 
an  excretion  in  the  nectaries  of  flowers,  yet  in  the  plant  it  exists 
only  in  solution.  It  abounds  in  growing  parts,  in  many  stems  just 
before  flowering,  as  those  of  the  Sugar-cane,  Maize,  Maple,  &.c. 
and  in  pulpy  fruits. 

65.  Piled  Mb  belong  to  the  class  of  ternary  assimilated  products, 
but  they  contain  little  or  bo  oxygen.  The  fatly  oils  take  the  place 
of  starch  (from  which  they  are  probably  formed)  in  the  seeds  of 
•  many  plants  (as  in  flax-seed,  walnuts,  &c.),  and  of  sugar  in  some 
fruits,  such  as  the  olive.  They  also  exbt  in  the  herbage,  and  in 
some  smaller  proportion  in  the  cells,  perhaps,  of  almost  all  plants. 

86.  Wai  is  a  product  of  nearly  the  same  nature  as  the  fixed  oils 
(only  it  is  solid  at  the  ordinary  temperature),  which  is  extensively 
found  in  plants  as  an  excretion,  particularly  on  the  surface  of 
leaves  and  fruits,  forming  the  bloom  or  glaueoua  surface  which 
repels  water,  and  so  prevents  such  surfaces  from  being  wetted.  It 
forms  a  thick  coating  on  some  fruits,  as  the  bayberry.  As  bees 
convert  sugar  into  wax,  and  as  the  sugar-cane  yields  a  kind  of 
wax  which  "  sometimes  passes  into  sugar,"  we  may  infer  that  wax. 
in  the  vegetable  is  formed  of  sugar  or  its  kindred  products.  Wax 
also  exists  as  one  of  the  contents  of  cells,  of  leaves  especially  ; 
where  a  substance  allied  to  it  in  composition  abounds,  namely, 

87.  Cblorophfll,  the  substance  which  gives  the  universal  green 
color  to  the  leaves  and  herbage.  It  is  formed  principally  in  parts 
exposed  to  (he  light,  such  as  the  green  bark,  and  especially   the 
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leaves ;  not,  however,  io  the  external  layer  of  cells,  or  epidermis 
(69),  but  in  the  parenchyma,  especially  in  the  superficial  strata. 
U  consists  of  minute  Botl  granules,  of  no  particular  form,  either 
separate  or  in  clusters,  forming  grains  of  considerable  size,  which 
lie  free  in  the  cells  (Fig.  53, 180),  or  loosely  adhere  to  their  sides. 
Id  some  Confervn  they  collect  in  the  form  of  spiral  lines  or  bands 
(as  in  Fig.  81,  the  lower  part).  They  often  adhere  to  the  surface 
of  starch-grains.  Indeed,  Mr.  Henfrey  plausibly  considers  chloro- 
phyll to  arise  from  altered  starch  (with  the  evolutitm  of  oxygen) ; 
which  is  the  more  likely,  as  it  is  said  to  appear  in  the  cells  later 
than  starch.*  It  belongs  to  the  class  of  waxy  bodies ;  and  ■■ 
soluble  in  alcohol  or  ether,  but  not  in  water.  Chlorophyll  under- 
goes certain  changes,  in  autumn  foliage  especially,  by  which  it 
turns  to  red  or  yellow.  Chbohule  is  a  name  applied  to  coloring 
ntatters  not  green,  and  mostly  in  a  liquid  form,  as  in  the  cells  of 
petals,  giving  to  them  their  peculiar  tints.  These  coloring  matters 
are  probably  a  mixture  of  very  various  products. 

B6.  ilblltidl  (such  as  Morphine,  Strychnine,  and  Quinine)  are 
quaternary  products  of  plants,  principally  formed  in  the  cells  or 
interspaces  of  the  hark.  Unlike  the  proteine  compounds  (37,  79, 
gluten,  fibrine,  Slc),  they  appear  to  bear  no  part  in  vegetation, 
but  (o  be  completed  results  of  vegetation^ and  of  excretory  luture. 
In  these  substances  reside  the  roost  energetic  properties  of  the 
vegetable,  considered  as  to  its  action  on  the  animal  economy,  the 
most  powerful  medicines,  and  the  most  virulent  poisons.  That 
ibey  are  of  the  nature  of  excretions  may  be  inferred  from  the 
fact,  that  a  plant  may  be  poisoned  by  its  own  products. 

89.  Taanin  or  Ttnnie  htid,  which  most  abounds  in  older  bark,  is 
probably  a  product  of  the  oxidation  or  commencing  decomposition 
of  the  tissues.  So,  also,  Hiunut,  Humic  Acid,  Ulmine,  JJlmic  Add, 
and  the  numerous  reloted  substances  distinguished  by  the  chemists, 
are  products  of  further  decomposition  of  vegetable  tissue,  and  not 
products  of  vegetation. 

*  In  tbU  cue,  the  nitrogen  obtained  in  MniderV  incomplets  snaljeis  (which 
gave  C",  H",  N*,  O",  with  lome  nitrogeneoiu  muter  not  delarmiiied)  must 
belong  to  tlie  macoiu  matler,  or  proloplstni,  which  inrest*  the  green  grsnalM. 

According  toM.  Verdeii  (in  Camplet  AitKJiu.Dec.  33,  tBSl),  tba  green  graioi 
eontiitofa  mixtnreora  colorleu,  fatty  matler,  and  s  coloring  matter  analogoni 
a>  the  red  coloring  mstter  of  the  blood  in  composilioD,  and  like  It  containing  a 
le  proportion  of  iron  I 
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90.  ?^eUAle  Atidl.  Tartaric,  Cilrie,  and  Malic  acida  are  ibe 
principal  kinds,  which  occur  in  leaves  and  those  Bucculent  alems 
which  have  a  sour  juice,  and  in  ^1  acidulated  fruits.  Tbey  are 
ternary  products,  with  an  excess  of  oxygen.  OxaHc  Add,  which 
is  an  almost  universal  vegetable  product,  is  a  binary  body,  di&r- 
ing  from  carbonic  acid  in  ultimate  composition  only  in  having  a 
small  proportion  more  of  oxygen.  {Hydrocyanic  or  Pniwu:  Add 
is  one  of  the  special  products  peculiar  to  ceriaia  plants,  and  of 
very  different  composition,  containing  a  large  proportion  of  nitro- 
geo.)  These  vegetable  acids  do  not  appear  to  play  any  leading 
part  in  vegetation.  They  aeldom  exist  in  a  free  state,  but  are 
combined  with  Ibe  alkaloids,  and  with  the  inorganic  or  earthy  al* 
kalies  (Potash,  Soda,  Lime,  and  Magnesia)  which  are  introduced 
into  plants  from  the  soil  with  the  water  imbibed  by  the  roots. 
The  more  soluble  salts  thus  produced  are  foand  dissolved  in 
plants  ;  the  more  insoluble  are  frequently  deposited  in  the  cells  in 
the  form  of 

91.  Crjntalt  or  BapllidH.  These  exist  in  more  or  less  abundance 
in  almost  every  plant,  especially  in  the  cells  of  the  bark  and  leaves, 
as  well  as  in  the  wood  and  pith  of  herbaceous  plants.  Far  the 
moat  common,  and  the  principal  kind  formed  with  a  vegetable 
acid,  are  those  of  oxalate^f  lime.  In  an  old  stem  of  the  Old-man 
Cactus  (Cereu*  lenilts),  the  enormous  quantity  of  80  per  cent  of 
the  solid  matter  left  after  the  water  was  driven  off  was  found  to 
consist  of  these  crystals.  In  the  thin  inner  layers  of  the  bark  of 
the  Locust,  for  example,  each  cell  contains  a  single  crystal,  as  is 
seen  in  Fig.  57.  And  Professor  Bailey,  who  has  devoted  particu- 
lar attention  to  this  subject,  computed  that,  in  a  square  inch  of  a 
piece  of  Locust-bark,  no  thicker  than  ordinary  writing-paper,  there 
are  more  than  a  million  and  a  half  of  these  crystals.  There  is 
frequently  a  group  of  separate  crystals  in  the  same  cell ;  or  a  con- 
glomerate cluster,  as  in  Fig.  58.  In  the  leaves  of  the  Pig,  and 
many  other  Urticaceous  plants,  a  globular  crystalline  mass  is  sus- 
pended in  the  cell  by  a  kind  of  stalk.  Oxalate  of  lime  cryslal- 
lizea  in  octahedra  (as  in  Fig.  56,  the  crystal  in  the  lower  rigfat- 
haod  cell),  and  in  right-angled  four-sided  prisms  (as  in  Fig.  59, 
60),  with  variously  modified  terminations.  The  crystals  are  fre- 
quently acicular,  or  needle-shaped,  either  scattered  or  packed  in 
bundles  of  from  twenty  to  some  hundreds  (as  in  Fig.  53-55).  It 
is  to  this  form  that  the  name  of  Raphides  (which  is  the  Greek 
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word  for  needles)  waa  originally  applied,  and  to  which  it  properly 
beloDga;  although  it  has  been  indiscriminately  extended  to  all 
kinda  of  crystals  which  occur  in  the  cells  of  plants.  In  the  com- 
mon Arum  or  ladiaa  Turnip,  as  well  as  in  the  Calla  jGthiopica  and 
other  plants  of  that  family,  the  crystal -bearing  cells  (Fig.  54)  may 
readily  be  detached  from  the  rest  of  the  tissue  ;  and  when  mois- 
tened and  distended  by  endosmosis,  they  forcibly  discharge  their 
cwitents,  in  a  curious  manner,  from  an  orifice  at  each  end,  as  is 
shown  in  Fig.  55.     These  acicular  crystals  are  generally  thought 


to  consist  of  oxalate  of  lime ;  according  to  Quekett,  they  are  phos- 
phate of  lime.  Of  other  ctystals  composed  of  inorganic  acida  and 
an  earthy  base,  the  more  usual  are  rhombic  crystals  of  carbonate 
of  lime,  found  in  Cacti ;  and  tabular,  often  twin  crystals  of  sul- 
phate of  lime,  which  are  *'  found  in  the  Musacen  and  many  Scita- 
mineee."  Such  are  wholly  formed  of  inorganic  materials,  derived 
from  the  soil, 

92.  8ilei,  likewise  derived  from  the  soil,  very  generally  occurs 

FIO.  Sa,  RupUdai,  or  Ktcukr  nrMili,  ftom  Un  aUlk  of  Iha  Bhutwti:  llmg  of  Iha  cdk 
eoBUJn  ehlDiuphrll,  snd  im  of  Itum  nphidM. 

FIG.  M.  BaptaidM  orin  Arum,  conUlnad  In*  1iuti«[l;  ind«,  Iba  laiiH,  dMielud  Ann 
111*  nmxindiiit  U«h,  ud  dlKhivfiiic  tu  coaleau  upoo  Iha  1141101(00  of  nUr. 

FIO.  ES.    CrjiUlirromlhiiOiiion;  ODEDribaoi  thsmluopa. 

PIG.  ST.    Crjnsla  of  Iha  Innti  biA  of  tba  Loeun, 

FIG,  ee.    A  glorMMg  mmirn  of  erT»uli  from  iho  Bosl-root, 

Fia.  59,  to.  Crrnali  rmm  Ihn  tarh  of  Hickor;.  Flguni  SE-SO,  ud  iIh  G1,  ua  (mn 
•tauhaa  kladlf  auppllal  bf  Fml^Br  BtiUj  of  Wan  Polal. 
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u  a  part  of  the  depomt  or  incnutatioa  on  lh«  walls  of  cells ;  *  bot 
it  is  not  found  in  the  form  of  crystals  in  their  Interior.  In  tbe  Dia- 
lomacen  nearly  the  whole  cell-wal)  a  composed  of  this  indettroc- 
tible  material ;  cooaequeally,  the  remains  of  these  minute  organ- 
isms accumulate  at  tbe  bottom  of  the  water  in  which  they  live,  bo 
•8  to  form  immeoae  strata  in  many  places. 


CHAPTER    II. 

OP  THE  GENERAL  UORPHOLOgT  OP  TBB  PLANT. 

93.  The  Indi^ul  PlUt  The  organic  elements,  or  cells  in 
their  various  forms,  which  have  been  treated  of  in  tbe  preceding 
chapter,  make  up  the  individual  plant  Looking  now  upon  plants 
as  individual  beings,  we  observe  that  they  present  themselves  un- 
der the  greatest  varied  of  forms  ;  some  of  them  are  of  the  utmost 
nmplicity,  and  many  of  these  are  so  minute,  that  they  are  individ- 
ually uodistingulshable  or  invisible  to  the  naked  eye,  and  only  be- 
come conspicuous  by  their  aggregation  in  great  numbers  :  others 
are  highly  complex  in  structure,  and  attain  to  a  vast  size,  such  as 
gigantic  trees,  some  of  which  have  flourished  for  a  thousand 
years  or  more.  All  the  larger  vegetables  are  formed  of  a  count- 
less number  of  cells  ;  which,  as  they  increase,  arrange  themselves 
BO  as  to  shape  the  fabric  into  definite  parts,  such  as  stem,  leaves, 
and  roots,  each  having  distinct  offices  to  fulfil,  while  all  are  sub- 
servient to  the  nutrition  and  perfection  of  the  individual  whole. 
These  parts  are  called  the  Orgatu  of  the  plant  -,  or,  more  techni- 
cally, the  Confound  Organs,  since  it  is  the  cells  of  which  they  are 
composed  that  are  the  real  instruments,  and  carry  on  the  open- 
tions  of  tbe  vegetable  economy.  These  organs  are  most  distinct, 
and  at  the  same  time  most  diversified,  in  the  highest  grade  of 
plants ;  in  the  lower,  they  are  successively  less  and  less  evolved, 
until  all  such  distinction  of  parts  vanishes,  and  the  plant  is  reduced 
to  a  rounded  or  flattened  mass  of  cells,  to  a  row  of  cells  strung  end 

*  This  ms^be  shown  by  carefolly  bnming  off  tbs  orguiiied  raatierof  tiM 
tianu.  End  exuDiniDg  the  uadutorbed  athu  by  the  oiicrtwcope  (311, 313). 
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to  end,  or  even  to  a  single  cell.  Since  these  last  ore  the  simplest 
plants,  and  the  higher  acquire  their  more  complex  structure  (ai 
will  hereafter  be  shown)  from  an  equally  simple  beginning,  the 
most  natural  order  for  exhibiting  the  principal  grades  of  vegeta- 
tioD  is  to  commence  with  the  lowest  and  simplest  possible  kinds, 
namely  with 

94.  FluU  of  t  Single  Cdl.  There  are  seveisl  kinds  of  such 
plants  among  the  Algte  (Sea-weeds,  Ate),  which  rank  as  the  low- 
est order  of  the  vegetable  kingdom.  They  are  especially  interest- 
ing  here,  because  they  furnish  the  readiest  illustrations  of  the  va- 
rious methods  of -cell-fonnation  which  have  been  described  in  the 
preceding  ehapler  (26-35).  For  in  them  vegetation  is  reduced 
to  its  simplest  terms :  the  plant  and  the  cell  are  here  identical. 
The  cell  constitutes  on  nitre  vegetable  mthout  organs,  imbibing 
its  food  by  endosmosis  (37)  through  its  permeable  walls,  assimi- 
lating this  food  in  its  interior,  and  converting  the  organizable  prod- 
ucts at  fiiBt  into  the  materials  of  its  own' enlargement  or  growth, 
or  finally  into  new  cells,  which  constitute  its  progeny.  Thus  we 
have  an  epitome  of  all  that  is  esseotial  in  vegetatioD,  even  on  the 
largest  scale,  namely,  the  imbibition  of  inorganic  materials ;  their 
animilation ;  their  application  to  the  growth  of  the  individual,  or 
nutrition,  and  the  formadon  of  new  individuals,  or  reproduction. 
But  even  while  thus  organically  simple,  the  plant  is  not  restricted 
to  one  monotonous  pattern.  On  the  contrary,  different  species, 
each  in  its  own  uniform  manner,  develope  the  cell  and  give  rise 
to  their  progeny  in  all  the  various  ways  that  have  been  mentioned 
when  describing  the  forms  and  the  development  of  cells.  The 
nmplest  case  Is  that  of 

95.  1st,  Plants  of  a  Single  Glohttar  „  mm 
Celt ;  that  is,  of  a  celt  which  grows  equal- 
ly in  every  direction,  and  therefore  is 
neither  elongated  nor  branched.  Of  this, 
the  microscopic  plant  known  as  giving 
rise  to  the  phenomenon  of  red  anow  (but 
whkb  also  occurs  on  damp  earth,  &c.) 
fumiabes  a  good  illustration.    Each  indi-          **  ** 

FIO.  ei.  8g*>nltoillTldu*laDrilKRiid'«H>wPluit(7cotaciiccwninJ1a)OHgnlI«l.  82.  An 
IndiTidiiBl  biglilj  m«ii)6sil,  ilnwliif  mon  dlnincUr  tbg  Daw  aSit  or  ipom  tononi  triMa  It. 

no.  63.  An  indlTbiliBl  of  CliniacoccDi  lubKani,  inw  NMell,  mncli  Brngaittd.  64,  A 
antttinuMd  ladlnidinl,  wlUi ib* cooMaU  taaaiog  iwa  nan  uU*  bf  dlrliloa.    SS.  AiuKh«, 
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vidual  is  a  iiogle  cell  (Pig.  61),  vhich  quickly  attains  its  growth, 
uid  produces  (by  original  celUforniation,  it  is  thought)  a  consider- 
able  number  of  minute  free  cells  in  its  interior.  The  mature 
mother-cell  now  decays ;  and  the  new  generation  it  contained  en- 
large into  similar  cells  or  plants,  which  give  rise  to  their  progeny 
and  perish  in  their  turn.  Some  other  globular  <»ie-celled  plants 
(like  Chroococcus,  Fig.  68),  ere  very  similar,  except  that  tbey 
propagate  by  division  of  the  whole  contenls,  and  finely  illustrate 
that  general  process  of  free  cell-multiplication  (S7).  Tbe  layer 
of  protoplasm  which  lines  the  cell-wsil  forms  a  constricti<H)  in  tbe 
middle,  and  soon  separates  the  whole  inclosed  contents  into  two 
parts ;  a  layer  of  cellulose  is  at  the  same  time  deposited  on  the 
surface,  and  thus  two  new  cells  are  produced  (Pig.  64),  which 
usually  subdivide  each  into  two  (Pig.  65).  Pour  new  cells 
are  thus  formed  within  a  mother-cell ;  and  tbe  latter  is  destroyed 
in  the  process,  all  its  living  contents  having  been  employed  in  the 
formation  of  the  pn^ny,  and  its  effete  wall  is  obliterated  hy  soft- 
ening or  decay,  or  by  tiie  enlargement  of  tbe  contained  cells. 
Thus  the  mroplest  vegetation  goes  on,  from  generation  to  genera- 
tion. Tbe  softened  remains  or  products  of  the  older  cells  often 
accumulate  and  form  a  gelatinous  stratum  or  nidus,  in  which  the 
succeeding  generations  are  developed,  and  from  which  they  doubt- 
less derive  a  pari  of  their  sustenance, — just  as  a  tufted  Moss  is 
nourished  in  part  from  the  underlying  bed  of  vegetaUe  mould 
which  is  formed  of  the  decayed  remains  of  its  earlier  growth. 
One  step  in  advance  brings  us  to 

96.  2d,  Plants  of  a  Single  Elongated  Cell;  that  is,  of  a  cell 

which  grows  on  in  one  direction,  but  without  branchbg.    Such 

plants  answer  to  cells  of 

prosenchyma,  or  to  vemels 

(52, 57).    Por  an  example 

we  may  take  any  specief 

of  Oscillaria  (Fig.  66) ;  a 

form  of  aquatic  vegetation 

of  microscopic  minuteness, 

considered  as  to  the  size  of 

the  individuals,  but  which  rapidly  multiply  in  such  inconceivable 

numbers,  that,  at  certain  seasons,  they  sometimes  color  the  surface 

;  OD*  of  tkom  iriih  oaa  utnaikT 
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of  whole  lakes  of  a  green  hue,  as  suddenly  u  broad  tracts  of 
alpine  or  arctic  snow  are  reddened  by  the  ProtococcuB.* 

97.  3d,  PlanU  of  an  Elongated  and  Branching  Cell.  Some 
elongated  cells  in  Tegetable  tissue  fork  as  they  elongate,  and  be- 
CMoe  branched;  as  seen  in  Fig.  15.  Several  plants  consist  of 
individual  cells  of  this  kind  ;  as,  for  example,  the  species  of  Vau* 
cberia,  which  form  one  kind  of  the  delicate  and  flossy  green 
ttueads  which  sbound  in  fresh  waters,  and  are  known  in  some 
places  by  the  name  of  Brook-tUk.  These,  under  the  msgnifying- 
glass,  are  seen  to  be  single  cells,  of  upbrokeo  calibre,  furnished 
with  branches  here  and  ihero  (Fig.  71).  The  branches  are  pro- 
tnnions,  or  T>ew  growing  points,  which  shoot  forth,  and  have  th« 
power  of  continuous  growth  from  the  apex.    In  Bryopua  (Fig.  73), 


a  beautiful  small  Sea-weed,  the  branches  are  much  more  numerous 
and  regular :  they  are  often  constricted  where  they  join  the  main 
stem,  if  we  may  so  call  it,  but  the  cavity  continues  from  stem  to 


■  If  the  tnuuTOise  ma^ng*  of  Oidllam  siiM  from  imperfect  portitiwu, 
Iben  the  plant  cairespoiidi  to  the  duct  (58). 

TtO,  Sr-OS.    BatrrdiDin  WaDnnhK  In  lu  d 
Mtar  Kluli«i  67,  Um  call  Mil  apbaneal:  69,  i»lniln(  Inu  ■ 
iongtA  bwl  bnncbfld :  all  much  roa^lBed. 

FIO,  ro.    BourdlDin  iTfllliunim,  sITn  Enilliclwr ;  tbo  fnlt-fr 

FML  71-    Vujchvrli  clKnU,  oDiutDd:  a,  fe  ipoH  fonneil 
hnuch.    72.  End  of  lh>  bnnch,  non  nwir.iaed,  arjiti  the  apon 

FIO.  73.    Brjnpito  phuDoa;  nunmllot  sium  ttltbtlibnnc 
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bmnoh ;  or,  in  other  words,  the  whole  pfant  conaiMs  of  a  Bingle 
regetftting  cell. 

96.  While  in  tbeae  cases  the  ramificaliotiB  of  the  cell  imit&le,or 
08  it  were  foreshadow,  the  stem  and  branches  of  higher  oi^anized 
plants,  we  have  in  Botrydium  (Fig.  70)  a  cell  whose  ramificatioaB 
resemble  and  perform  the  functions  of  a  root  This  U  a  terres- 
trial Alga,  with  a  rounded  body  composed  of  an  enla^d  cell, 
which  elongates  and  ramifies  downwards,  the  slender  branches 
penetrating  the  loose,  damp  soil  on  which  the  plant  grows,  exacdy 
in  the  manner  of  a  subdivided  root  Meanwhile,  a  crop  of  rudi- 
mentary new  cells  is  produced,  by  original  free  cell-formatioa 
(26),  in  the  liquid  which  fills  the  body  of  the  mother-cell :  these, 
escaping  when  that  decays  or  bursts,  grow  into  similar  plants,  ia 
the  manner  shown  by  Fig.  67  -  69. 

99.  The  new  cells  by  which  Vaucheria  is  propagated  are  pro- 
duced  in  a  different  way ;  as  is  shown  in  V.  clavata  {Fig.  71,  73). 
The  apex  of  a  branch  enlarges  ;  its  green  contents  thicken,  sep- 
arate from  those  below,  and  a  membrane  of  cellulose  is  formed 
around  it,  just  as  it  forms  around  the  contents  of  the  whole  cell  in 
the  microscopic  Cbroococcus  (Fig.  63),  but  no  further  division  takes 
place ;  the  wall  of  the  mother-cell  bursts  open,  and  the  newhom 
cell  escapes  into  the  water.  When  it  grows,  it  elongates  a  little 
from  one  end,  and  by  this  fastens  itself  to  any  solid  body  it  rests 
on,  and  then  grows  from  the  opposite  end  into  a  prolonged  tube, 
with  occasional  branches,  like  its  parent  In  this  way,  a  plant 
composed  of  a  single  ceil  imitates  not  obscurely  the  downward  and 
upward  growth  (the  root  and  stem)  of  the  more  perfect  plants.  In 
the  foregoing  cases  we  noticed  that  the  production  of  new  cells  in- 
sured the  death  of  the  parent ;  the  whole  living  contents  being  ap- 
propriated to  the  new  formation.  In  this  case,  the  progeny  origi- 
nates from  the  living  contents  of  a  part  of  the  cell  only,  and  the 
walls  of  that  portion  alone  perish. 

100.  PJBllti  of  a  Single  Row  or  Cells.  To  diese  there  is  but  a  sin- 
gle step  from  plants  formed  of  a  single  cell^whether  branching  or 
imbranched)  which  has  the  power  of  continuous  growth  from  the 
apex ',  and  that  step  consists  in  the  formation  of  traiuverse  parti- 
tions. The  manner  in  which  these  are  produced  has  been  already 
described  (Fig.  6),  as  observed  in  a  species  of  Conferva.  Most 
of  these  simple,  thread-like  AlgK  are  composed  of  a  single  row  of 
cells,  produced  in  this  way.    The  three  kinds  of  Moulds  or  Mil- 
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dew  FuDgi  ban  repnaented  (Fig.  74—76)  consist,  as  to  lh« 
creeping  part  st  the  base  (which  spreads  widely  through  the 
substance  they  live 
1^^  &  I    ^  r4^8  oa)of  longithread- 

like,  and  usual- 
ly branching  cells 
(much  like  those 
of  Fig.  15),  for  the 
most  part  destitute 
of  partitions;  while 
'  the  upright  portions 
are  composed  of  a 
row  of  short  cells, 
like  those  of  a  Conferra.  These  are  terminated  in  the  Bread- 
mould  (Fig  74)  by  a  much  larger  cell,  which  derelopes  numerous 
and  very  minute  ruditnentary  ones  in  its  interior.  In  Fig.  75,  we 
have  a  different  arrangement,  namely,  a  cluster  of  branches,  made 
up  of  a  series  of  bead'like,  easily  separable  cells,  which  are  eri- 
dently  formed  by  the  process  of  diyision  just  illustrated,  and  which 
aerre  as  seeds  to  reproduce  the  species. 

101.  8pORI>  When  the  cells  remain  conoecled  as  they  multi* 
ply,  they  increase  the  size  or  complexity  of  the  individual  vegela* 
ble.  When  they  separate,  each  becomes  the  initial  cell  of  a  new 
plant.  Any  cell  ia  capable  of  originating  a  new  individual.  No 
•Doner,  however,  does  the  plant  acquire  such  slight  complexity 
as  to  consist  even  of  a  nngle  series  of  cells,  than  a  distinction 
begins  to  appear  between  cells  adapted  for  vegetation,  and  those 
for  reprodaclwn.  Both  may  propagate  the  species ;  the  thread* 
like,  vegetating  cells  which  form  the  base  of  the  Moulds,  in  Fig. 
75,  for  example,  grow  with  the  same  readiness  as  the  minute 
specialized  cells  which  terminate  this  simple  vegetation.  But  the 
first  appear  to  do  so  ader  the  manner  in  which  the  higher  grades 
of  plants  multiply  by  offshoots  or  division  of  the  root ;  while  the 
second  are  analogous  in  this  respect  to  the  seeds  or  embryos  of 
such  higher  plants.  These  cells  apecialized  for  propagation,  how- 
ever they  may  originate,  are  accordingly  distinguished  by  a  special 
name,  that  of  Spores  or  Spobulss.  We  have  to  rise  still  higher 
in  the  scale,  however,  before  a  well-marked  distinction  can  be 

i.  iBotfaar  Hoold  (PtalciUtnn  (luKvn). 
■  puMlUe  Hootd.    AUmwalOid. 
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drawn  in  all  cases  between  cells  for  raproductim  and  cella  for 
vegetation. 

102.  Coajnptlni.  At  this  stage  of  vegetation,  however,  and 
even  in  a  large  tribe  of  plants  composed  of  single  and  simple  cellsi 
a  process  of  great  physiological  im>  - 
portance  is  first  observed, — the  evi- 
dent equivalent  of  bisezuality  in  the 
higher  orders, — by  which  the  repro- 
ductive cells  or  tporei  are  still  further 
specialized  and  potentiated.  They 
are  formed  by  conjugation;  that  is, 
by  the  mingling  of  the  contents  of 
two  cells,  both  of  which  take  part 
in  the  formation  of  the  resulting 
spore.  Fig.  77 
-  80  exhibit  this 
"       ™  "  *°       conjugation  in  a 

minute  silicious-coated,  one-celled  plant,  of 
the  family  DeamidiacefG ;  where  the  recent 
discovery  of  this  process,  by  Mr.  Ralfs,  has 
confirmed  the  vegetable  character  of  these 
ambiguous  microscopic  bodies  beyond  all 
doubt.  Also  Figure  81  shows  the  conjuga- 
tion of  two  individuals  of  Zygnema  (Spiro- 
gyra),  a  common  plant  of  our  pools,  com- 
posed of  single  rows  of  cells,  nearly  all  of 
which,  in  the  figure,  are  represented  as  tak- 
ing part  in  the  conjugation. 

103.  Planu  of  1  Tlitae  of  Ctlli  cambined  in 

tot  Wine.  The  next  step  in  complexity  is 
seen  in  those  Algs  which  consist  of  a  few 
jointed  tubes  laterally  cohering  with  each 
other ;  or  of  numerous  cells  united  in  a  single 
plane,  as  in  the   little  Sea-weed,  Fig.  82. 
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Thin  gitea  riae  to  frondoK  or  leaf-like  form*.  The  name  of 
Fbond  is  applied 
to  such  expanded 
bodies,  which  are 
neither  leaf  nor 
stem,  but  com- 
bine the  appear- 
ance and  the  of- 
"  fice  of  both.    On- 

ly the  simplest  forms,  however,  consist  of  a  siogle  Ihyer  of  cells. 
Host  frondoee  Sea-weeds,  as  well  as  Lichens,  Liverworts,  ttc., 
are  made  up  of  several'  such  layers.  This  is  not  the  place  to 
illustrate  the  almost  endless  diversity  of  forms  under  which  the 
frond,  or,  as  it  is  called  in  Lichens  and  Fungi,  the  Tkallua,  appears 
in  these  lower  grades  of  plants ;  nor  to  notice  their  particular 
modes  of  propagation ;  except  to  say,  in  general,  that  the  spores  are 
still  aothing  but  specialized  cells,  developed  in  some  one  of  the 
ways  already  explained.  But  we  dow  begin  to  meet  with  special 
or^ns  or  peculiar  apparatus  in  which  the  reproductive  cells  are 
fonned,  instead  of  occurring  indifierently  in  any  part. 


104.  null  of  a  Tiuae  et  CcUi  eomblned  ioto  b  ulid  Aiii,  or  with 

no.  aa.  a  lii*och  of  iWmiTta  t  laPriiorti  (from  Ihe  Hodwo  Rlrar),  mhr|id  lo  lw1e« 
Ita  n»uml  flu.  63.  A  imll  portim  ™«  mMnifl"J.  "  »•""  "»  "UuIat  Rruclum.  Tin 
Mk  li»e  Lhick  falaUaou  mill ;  tbote  ia  Iha  middla  ua  abPtmud,  iIkhi  lomnla  iba  luriliw 

FIG,  »!.  Fniil-aulk,  wilh  i  ponlm  of  Ibe  lsUi««,  of  i  Juntgnnuuila,  mfDlkd,  la  Mhh 
)u  mln  uQuUr  itnclon. 

Flo.  SG.  OnaaCtlHliibDlw  ■plnllr-'naikiidulli  (rom  Ihafnill  nfl  Junienimnisfa);  ud 
(t)tla  ipln]  ilifHili  Htilch  rHuU  fnxn  <u  dtfruptlon,  »mt  of  tb*  iimm  nick  U  tU  Uilw. 
K  LjilUl,  Iw  tbu  Uu  uMBl  rt». 
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item  and  branchti.  Stem-tike  solid  forms  occur,  perhaps  as  abun- 
dantly as  the  leaf-like  or  froodose,  b  [be  higher  repreaentalivea  of 
the  lowest  orders  of  plants,  in  Algs,  Fuagi,  and  Lichens ;  and  oc- 
eaaionally  the  two  are  somewhat  vaguely  presented  in  the  same 
individual.  Thus,  many  of  the  larger  Sea-weeds  display  a  leaf- 
like frond  on  the  summit  of  a  solid  stalk ;  this  stem,  however,  has 
once  formed  a  part  of  the  leaf.  But  in  the  Liverwort  Family  the 
distinction  is  first  clearly  exhibited,  and  in  the  true  Mosses  the 
higher  type  of  vegetation  is  fully  realized,  namely  in 

105.  Planb-witli  l  Dlittnct  llil  ud  Ftliap ;  that  ia,  with  a  stem 
which  shoots  upward  from  the  soil,  or  whatever  it  is  fixed  to,  w 
creeps  on  its  surface ;  which  grows  onward  from  its  apex,  and 
is  symmetrically  clothed  with  distinct 
leaves  as  it  advances.  All  these  lower 
vegetables  which  have  now  been  men- 
tioned, of  whatever  form,  imbibe  their 
food  through  any  or  every  part  of  their 
surface,  at  least  of  the  freshly  formed 
parts.  Their  roots,  when  they  have 
any,  are  usually  intended  to  fix  the 
plant  to  the  rock  or  soil,  and  not  to 
draw  nourishment  from  it  The  strong 
roots  of  the  Oar-weed,  DeeiPt  Apron 
(Lamiaaria),  and  some  other  large 
Sea-weeds  of  our  coast,  are  merely 
holdfasts,  or  cords  expanding  into  a 
disc-like  surface  at  their  extremity, 
which  by  their  adhesion  bind  these 
large  marine  vegetables  so  firmly  to 
the  rock  that  the  force  of  the  waves 
can  seldom  carry  them  away.  Mosses 
also  take  in  their  nourishment  through 
their  whole  expanded  surface,  princi- 
pally therefore  by  their  leaves:  but 
the  stems  also  shoot  forth  from  time 
to  time  delicate  rootlets,  composed  of  slender  cells  or  tubes,  which 
grow  in  a  downward  direction  and  doubtless  perform  their  part  in 

FIG,  87.  Aa  lridi»iau«l  of  «  Mom  (Phyieoniitrluni  pjrifonne),  anUrnd  In  ibom  12  tiiiw 
Ite  BKUinJ  aits.  Hij.  Tip  of  >  l«f,  cui  leniv,  much  oufniSvl,  M  (lun  thai  ii  I*  mMb  ip 
(uupl  Ibg  nudrib)  of  >  ilngk  Ujtr  of  Mill. 
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absorption.  Althouf^  sometimes  of  scarcely  higher  orgaDizatioo 
IhaD  the  root-hairs  which  grow  from  the  under  side  of  &  Liver- 
wort (Fig.  86),  yet  they  distinctly  introduce  the  root.  A  Moss, 
therefore,  as  respects  its  vegelalion,  is  an  ordinary  herb  in  minia* 
ture:  it  presents  an  epitome  of  the  three  universal  Obgaks  op 
Vegetation,  namely  Root,  Slettiy  and  Leaeei ;  although  ita  roots 
are  of  a  secondary  and  subordinate  character.  In  the  apparatus 
of  reproduction  there  is  more  complexity,  but  no  essential  change 
of  plan.  The  spores  of  Mosses  are  formed  by  divisiao  of  the 
coatenla  of  mother-cells  into  fours  (31);  and  are  contained  in 
Spore-casfs  (or  Sporangia)  of  peculiar  structure,  which  are  ac- 
companied  with  some  apparatus  too  elaborate  lo  be  described  here, 
and  arc  commonly  elevated,  before  maturity,  on  a  naked  and 
slender  stalk.  The  reproductive  apparatus  no  longer  forms  a  part 
of  the  general  tissue,  nor  is  imbedded  in  ii,  but  special  and  alto- 
gether distinct  organs  are  assigned  (o  this  office. 

106.  TbaIIoph)1es  and  Csnnoph]lM.  It  is  convenient  to  mention 
berc,  that  these  plants  of  the  lower  grades.  Alga;,  Fungi,  and 
Lichens,  which  exhibit  no  proper  distinction  of  stem  and  foliage, 
are  by  some  botanists  collectively  called  Thai.lopbttes,  that  is, 
plants  formed  of  a  ihallus  (103),  or  bed,  as  the  compound  word 
imports.  And  the  name  is  appropriate  for  the  greater  part  of  these 
rootless,  steniless,  and  leafless  forma  of  vegetation,  which  compose 
fiat  crusts  or  plates,  like  the  common  lilchens  on  rocks,  walls,  and 
bark  ;  or  spreading  Mushrooms ;  or  the  broad,  membmnous  Sea- 
weeds, such  as  the  Dulse  and  Laver  :  and  even  the  plants  of  sin- 
gle cells  or  single  rows  of  cells  are  more  commonly  aggregated  so 
as  to  make  up  a  stratum,  or  bed  of  interlaced  threads,  more  or 
less  compact  or  definite.  Such  general  names  are  seldom  charac- 
teristic of  every  form  they  are  meant  to  comprise.  The  contra- 
distinguishing name  of  Cojmofbttes  (meaning  stem-growing 
plants)  is  given  to  the  higher  forms  of  vegetation,  from  Mosses 
upwards,  because  they  develope  a  proper  stem,  usually  adorned 
with  distinct  foliage. 

107.  CcilDlar  lad  Vucilir  Flintl.  While  the  Mosses  emulate 
ordinary  herbs  and  trees  in  vegetation  and  external  appearance, 
they  agree  with  the  lower  plants  in  the  simplicity  of  their  internal 
stroGture.  Tbey  are  entirely  composed  of  cellular  tissue  strictly 
so  called,  chiefly  in  the  form  of  parenchyma  (51),  at  least  they 
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have  no  vessels  or  ducts  *  (57)  and  form  no  wood.  They,  with  all 
the  plants  below  ibera,  were  therefore  denominated  Cellulak 
Plants  by  De  Candolle.  Those  above,  inasmuch  as  vaacular  and 
woody  tissues  enter  into  their  composition,  whbn  they  are  herbs  as 
well  as  when  they  form  shrubs  or  trees,  he  distinguished  by  the 
geneml  name  of  Vascci^r  Plants. 

108.  The  strength  which  these  tissues  impart  —  owing  to  their 
toughness  and  the  close  bundles  or  masses  ihey  form  running 
lengthwise  through  the  stem  (53,  56) — enables  these  vascular 
and  woody  plants  to  attain  a  great  size  and  height;  while  Mosses 
and  all  other  Cellular  plants  are  of  humble  size,  except  when  they 
„  float  in  water,  in  which  a  few  of 

the  coarser  Sea-weeds  do  indeed 
attain  a  prodigious  length  and  bulk. 
The  lowest  forms  of  Vascular 
plants,  such  as  the  Club-Mosses 
(Pig.  89),  are  of  humble  size,  as 
the  name  indicates,  although  the 
alems  are  often  of  a  woody  tex- 
ture. Most  Perns,  or  Brakes,  are 
also  herbaceous,  or  their  persist- 
ent and  more  or  jess  woody  stems 
remain  underground,  in  the  form 
of  rootstocks,  or  creep  on  its  sur- 
face (as  in  Fig.  95).  A  few  of 
them,  however,  in  the  warmer 
parts  of  the  world,  rise  into  trunks, 
and  form  palm-like  trees  (Fig.  94), 
of  graceful  port,  and  sometimes  of 
great  altitude.  Thus  far,  the  roots 
"  are  sliil  of  a  secondary  cbamcter  ; 

that  is,  they  spring  from  the  stem,  wherever  it  is  in  contact  with  or 
covered  by  the  soil.  From  the  mode  of  development  it  will  here- 
after appear  that  Ferns  and  Club-Mosses,  like  true  Mosses,  can 


*  The  spirally  mariied  inbca  wbich  are  founil  in  tha  Bpore-ca«ei  of  Urer- 
oni  (Fig.  es,  a)  offer  »a  ezceptioa. 

FIO.  a».  LycopnllumCuollniinum.orilHniUDnlatu.  SO.  A  t»r  rnm  IbatplkBor  rnio- 
leuloo,  wJlh  lbs  apDR-cua  la  iu  uU,  andiiionf  Ullnf  ouu  HI.  A  gnMpoT  hut  tfntM, 
■fniSBi.    92.  TtH  BiM  KpwtMd.    VS.  A  bun  •rsi--cuDDrStk{iii«lkiipu>,  Hilh  lufou 
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bave  DO  primBiy  root  The  axis,  therefore,  grows  from  the  apex 
only,  and  it  has  no  provisioD  for  increase  in  diameter  aa  it  in- 
creasea  id  age.  They  have  accordingly  received  the  name  of 
AcBOOBHs  or  AcBOGBNOus  pLAKTS,  —  teriDS  of  Greek  derivation, 
signifjiog  that  they  grow  from  the  apex  alone.  As  to  their  fructi- 
fication, all  these  families  belong  to  the  great  lower  seriea  of 

109.  GrTptopnuu  or  Ftowtrieu  PIuU.  Such  are  all  plants 
which  are  reproduced  by  tporea  in  place  of  seeds.  Spora,  as  has 
been  already  shown,  are  single  specialized  cells,  which  originale 
in  some  one  of  the  ordinary  modes  of  cell-production,  and  vrith- 
oat  the  agency  of  proper  Howers.  Cryptogamotu  and  Flovterleu 
are  therefore  equivalent  terms  ;  the  former  denoting,  metaphori- 
cally, that  the  flnweis  or  organs  of  reproduction  are  concealed  or 
obscure.*    The  great  advance  h 

made  by  Club-Moases  and 
Ferns  in  their  organs  of  veg- 
etation is  not  attended  by  any 
corresponding  complexity  in 
their  mode  of  reproduction. 
The  sporee  of  Club-Mosses 
and  Ferns  are  as  simple  as 
diose  of  true  Mosses  them- 
selves, and  the  apparatus  con- 
cerned is  scarcely  more  elab- 
oiate.  Even  the  tall  Tree 
Ferns  spring  from  spores  of 
the  same  simple  character, 
and  of  size  so  snoali  that  they 
are  separately  invisible  to  the 
naked  eye.  It  is  worthy  of 
note,  however,  that  their  sim- 
ple spore-cnses  ore  borne  on 

the  leaves,  either  on  leaves  in  "* 

ibeir  namral  state  as  organs  of  vegetation,  or  on  those  more  or 


*  Mott  CiTp'^E'"")'"  pI'itSi  however,  are  noir  knowa  to  have  organe  analo- 
gout  to  ihoae  of  the  flower,  at  least  in  function.  Tfacae  wiU  be  described  ta 
■nolfaeT  place. 

ns.  N.    SkMch  of  ■  Tna  F>m,  Diekmilii  ■rtaocvnai,  of  Sl  Hatou;  »tm  Dr.  J.  D. 


,y  Google 


76  rut  SEHEEAL   MOSrHOLCMT   OF  THK   rUNT. 

lev  altered  to  subaerva  the  speckl  purpoae.  For  in  like  maoiiBr, 
on  leaves  more  or  lees  altered  or  tpecttJized,  the  aeeds  are  mani- 
featl^  borne  in  the  wmpleat  form  of 

110.  rhBHgUlDU*  W  FloweriBS  PluU.  la  these  we  reach  at 
length  the  perfected  type,  the  highest  grade  of  vegetation.  They 
are  the  only  flower-bearing  plants,  as  their  name  indicates.  Their 
reproduction  is  effected  through  an  apparatus  essentially  diHeieot 
from  that  of  Ciyptogamous  plants,  namely,  by  Slamnu  and  Putiim 
(the  essential  organs  of  the  flower) ;  the  stamen  producing  Polhm, 
m  free  fertilizing  cells ;  the  pistil  producing  bodies  to  be  fertilized, 
called  Ooula,  and  which  afler  fertilizalion  become  Seeds.  While 
Cryplogamous  plants  ara  propagated  from  tpores,  or  specialized 
eells,  which  in  germination  multiply  into  other  celb,  and  at  length 
form  a  young  plant,  Pheenogamous  plants  are  propagated  from 
teedi,  which  are  more  complex  bodies,  essentially  characterized 
by  having  already  formed  within  them,  before  they  separate  from 
the  mother  plant,  an  Embbto,  that  is  an  organized  plantlet,  which 
is  only  further  developed  in  germination. 

111.  In  the  lowest  grade  of  Pheenogamous  plants  (viz.  in  the 
Cycadacete,  and  in  the  Coniferte  or  Pine  Family),  the  flowers  are 
of  such  extreme  umplicily  that  they  consist,  some  of  a  stamen 
only,  others  of  one  or  more  naked  ovules  borne  on  the  margins  of 
an  evident  leaf,  as  in  Cycas,  or  on  the  base  or  inside  of  an  altered, 
scale-like  leaf,  as  in  the  Pine  Family.  In  the  former,  the  ovules 
answer  to  the  spore-cases  of  Ferns ;  in  the  laUer,  to  the  spore- 
cases  of  Club-Mosses ;  thus  confirming  an  analogy  which  is  indi- 
cated by  general  aspect  between  two  of  the  higher  families  of 
Cryptogamous,  and  the  lowest  two  of  Phienogamous  plants.  Tbeee 
are  Gt/mnospermous  (that  is,  naked-seeded)  Phsoogamous  plants. 
In  all  the  rest,  the  ovules  are  perfectly  inclosed  in  the  pistil,  which 
forms  a  pod  or  closed  covering  of  some  sort  for  the  seeds ;  they 
are  accordingly  distinguished  by  the  name  of  Angioipermout  (that 
is,  cove  rod -seeded)  PhEsnogamous  plants.  Their  flowers  in  the 
simplest  cases  consist,  one  sort  of  a  stamen  only,  the  other  of  a 
pistil  only.  But  as  we  rise  in  the  scale,  these  organs  tend  to  multi- 
ply -,  to  be  combined  so  as  to  have  both  kinds  in  the  same  flower; 

*  SoniBtlniei  written  PiantngoBnus.  Both  lenng  sr«  msdt  from  the  luna 
Qreek  irordi,  and  lignify,  bj  m  meuphorical  expreuion,  the  coanierp&rt  of 
CrrptogUDOui ;  that  ii,  that  the  ewoalUt  orguu  of  tha  flower  are  manifest  m 
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to  be  protected  or  adorned  with  a  circle  of  peculiar  leaves  (the 
Caltz),  or  with  two  mich  ciroles  (Cai-tx  and  Cosolla),  of  which 
the  inner  is  commonly  more  delicate  in  texture  and  of  brighter 
color.  This,  the  completed  flower,  exhibits  the  Oboans  of  Rs- 
PKODUCTIOR  in  their  most  perfect  form. 

112.  The  Organs  of  Vegetation  also  exhibit  their  most  perfect 
development  in  Phsenf^mous  plants.  The  three  kinds,  root,  item, 
and  leaeet,  are  almost  always  well  defined.  In  a  few  exceptional 
cases,  however,  we  liave  frondote  forms ;  as  in  the  Duck-weed 
(Pig.  96),  where  stem  and  leaf  are  fused  ti^ther  into  a  green  flat 
body  which  floats  on  the  water,  emitting  roots  from  the  lower  snr- 
face  and  exposing  the  upper  like  a  leaf  to  the  light  So,  true 
leaves  seldom  appear  in  the  Cactus  Family,  where  the  green 
barii  of  the  whole  surface  takes  their  place,  although  the  points 
Troai  which  they  should  arise  are  distinctly  indicated ;  nor  are  they 
developed  at  all  in  the  Dodder  (135,  Fig.  133),  and  some  oflter 
paresiiic  Flowering  plants.  In  all  Cryptogamoos  plants  furnished 
with  a  distinct  axis,  or  stem,  and  leaves,  this  whole 
structure  has  to  be  formed  after  germination  (110, 
Id  a  manner  to  be  hereafter  shown) ;  and  when 
formed,  the  axis  grows  from  its  apex  only  ( 108),  bo  ' 
that  there  is  no  primary  root.  Pluenogamous  plants, 
on  the  contrary,  are  developed  directly  from  an 
embryo  planllet,  namely,  from  an  axis  with  its 
appendages,  which  already  exists  in  the  seed,  and 
which  grows  both  ways  in  germination ;  from  one 
end  to  produce  the  stem,  and  from  the  other  to 
ibrm  the  root,  thus  exhibiting  a  regular  opposition 
of  growth  from  the  first.  To  underatand  this,  and 
to  obtain  the  clearest  conception  of  the  plant  as  a  •• 
whole  and  of  its  mode  of  growth,  we  should  at  the  outset  atten* 
tively  consider  the 

113.  Dmlopmnt  of  tbe  Embrro.  The  Phtenogamous  phrnt,  then, 
in  tbe  eariy  stage  at  which  we  begin  its  biography,  is  an  Embsto 
(Fig.  100)  contained  in  the  seed  (Fig.  99).  The  form  of  this  initial 
plantlet  varies  greatly  in  diSerent  species.  It  is  often  an  oblong 
or  cylindrical  body,  simple  at  one  extremity,  and  nicked  or  lobed 
at  the  other,  as  in  the  case  we  have  chosen  for  illustration.  The 
undivided  or  stem  part  is  Called  the  Radiclb  ;  it  is  tlie  rudimentary 
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axis,  the  initial  stem.  The  two  lobes  into  wfajch  tbe  upper  end  is 
split  are  the  Cotiledohs,  or  ibe  undeveloped  first  pair  of  leares, 
often  named  the  Seed-leave*.  These  are  often  so  large  as  to  make 
Dp  nearly  tbe  whole  bulk  of  the  seed,  as  in  the  pea  and  bean,  or 
the  Apple  and  Almond  (Fig.  97),  wliere  the 
ladicle  is  very  short  in  proportion ;  and  on 
separating  or  tailing  ofi*  one  of  them  the  mi- 
nute rudiments  of  one  or  more  additional 
leaves  may  ofien  be  detected  within  (Fig. 
9S,  a).  The  embryo,  therefore,  consists  of 
a  short  axis  or  stem,  crowned  with  two  or 
more  undeveloped  leaves,  or,  in  other  words, 
with  a  Bud.  In  germination  the  axis  or  radicle  elongates  through- 
out, so  as  usually  to  elevate  the  budding  apex  above  the  surface  of 
the  soil,  and  its  cotyledons  expand  in  the  air  into  the  first  pair  of 
leaves;  and  at  the  same  time  from  the  opposite  extremity  is 
formed  tbe  root,  which  grows  in  a  downward  direction,  so  as  to  pen- 
etrate more  and  more  into  the  soil.  The  Iwo  extremities  of  the 
embryo  are  therefore  difiereatly  affected  by  the  same  external  in- 


fluences, by  light  especially,  and  exhibit  exactly  opposite  tenden- 
cies.    The  budding  end  invariaUy  rises  upwards,  as  if  it  sought 


plant  H  coa- 


ls. Tbi  Mmme,  triib  mw  cotjlediKi  uk<D  otT,  U 

¥10.  99.  A  loDgliudinil  Mctlonof  B»ed,  ihawlii;  tbagnbTTa  orru 
ulni.  too.  Tbe  Binbr;DiAkinfrD<n  the  stad,  and  lu  nidlmanuuT  [avgi. 
■fanud.  101.  Tha  aamt  Id  gamilnailaii,  iba  cntjMau  ixpuidlni  lota  Iha  Snt  pair  o*^ 
laaTea.  ICS-I04.  Tba  Hndlini  plant  q»»  adTanud.  (Ttaa  ndlda,  <x  flnl  joial  of  aU% 
■bonld  lain  txan  dnwa  nwn  alMcaUrl,) 
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tbe  light  and  air;  the  root-end  turns  constantly. from  the  light,  and 
bones  ilaelf  in  the  dark  and  moiat  soil.  These  tendencies  are  ab- 
solute and  irrererMble,  If  obstacles  intervene,  the  root  will  take  as 
nearly  a  downward,  and  the  stem  as  nearly  an  upward  direction,  as 
possible.  They  are  only  the  first  manifestation  of  an  inherent  prop- 
erty which  continues,  wiih  only  incidental  modifications,  through- 
out tbe  whole  growth  of  the  plant,  although,  like  instinct  in  the 
higher  animals,  it  is  strongest  at  the  commencement :  and  it  insures 
that  each  part  of  the  plaot  ahall  be  developed  in  the  medium  in 
which  it  is  designed  to  lire  and  act,  —  the  root  in  the  earth,  and  the 
stem  and  leaTes  in  the  air.  The  axis,  therefore,  especially  in 
plants  of  the  highest  grade,  possesses  a  kind  of  polarity ;  it  is  com- 
posed of  two  counterpart  systems,  namely,  a  Deteending  Axu  or 
root,  and  an  Aieending  jim  or  stem.  The  point  of  union  or  base 
of  tbe  two  is  termed  tbe  crown,  neck,  or  collar.  Both  the  root  and 
stem  branch ;  hut  the  branches  are  repetitions  of  the  axis  from 
which  they  spring,  and  obey  its  laws.  The  branches  of  tha  root 
tend  to  descend  ;  those  of  the  stem  tend  to  ascend. 

114.  Irpu  of  TcgetttiM.  These  three  organs,  Stan,  Root,  and 
Leases,  either  preexist  rudimentarily  in  the  seed,  or  appear  at  the 
Srst  development  of  the  embryo  in  germination.  Of  them,  vege- 
tables essentially  consist ;  for  they  are  all  that  are  requisite  to,  and 
actually  concerned  in,  their  life  and  growth.  Indeed,  the  whole 
ulterior  evolution  of  the  plant  exhibits  only  repetitions  of  these 
essential  parts,  under  more  or  less  varied  forms.  They  are,  there- 
fore, properly  termed  tbe  FcrNiiAMEnTiL  Oboaks  of  plants,  or  the 
Organs  of  Vbqbtation.  The  root  absorbs  the  crude  food  of  tbe 
plant  from  the  soil ;  this  is  conducted  through  the  stem  into  the 
leaves,  is  in  them  digested,  under  the  agency  of  solar  light  and 
beat ;  and  the  nourishment  thus  assimilated  is  returned  into  the 
stem  and  root,  to  be  expended  in  the  formation  of  new  rootlets, 
new  branches,  and  new  leaves.  Tbe  more  the  plant  grows,  there- 
fore, the  more  it  multiplies  its  instruments  and  means  of  growth ; 
and  its  evolution  would  seem  to  be  limited  only  by  the  failure  of 
food,  of  a  fit  temperature,  or  other  external  circumstances. 

115.  Sooner  or  later,  however,  the  plant  changes  its  mode  of 
development,  and  bears  Flowert,  or  Oboans  of  KBFKODttCTioH. 
But  even  in  these,  the  philosophical  botanist  recognizes  the  stem 
and  leaves,  under  peculiar  forms,  adapted  to  special  purposes. 
And  the  object  or  consummation  of  the  flower  is  the  production 
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of  seeds,  containing  kd  embryo  ptaot  which  ia  composed  of  these 
BBme  fundamental  organs,  and  which  in  its  development  repeMs 
these  successive  steps,  to  attain  the  same  ultimate  result. 

116.  Having  hriefly  traced  the  plan  and  progress  of  vegetation 
from  the  simplest  or  lowest  through  to  the  highest  or  most  elabo* 
rately  perfect  grade  of  plants,  we  may,  in  the  following  chapters, 
leave  the  Cryptogamous  or  Floweriess  plants  entirely  out  of  view 
(reverting  to  them  only  to  explain  separately  their  principal  pecu- 
liarities at  the  close),  and  explain  the  phenomena,  first  of  vegeta- 
tion, and  then  of  reproduction,  as  manifested  in  the  higher  series 
of  Phsenogamoua  or  Flowering  plants.  The  umpler  kinds  of  the 
lower  series  doubtless  afford  peculiar  facilities  for  investigating 
questions  of  anatomical  structure,  and  for  ascertaining  what  is 
really  essential  to  vegetation.  But  the  general  scheme  of  the 
vegetable  kingdom,  and  the  unity  of  plan  which  runs  through  the 
manifold  diversities  it  displays,  enabling  ns  to  refer  an  almost  infi- 
nite variety  of  details  to  a  few  general  lawa,  must  be  studied  in 
the  higher  series  of  Phsnogantous  plants,  which  exhibit,  in  mani- 
fold variety  of  form,  the  completed  type  of  vegetation. 


CHAPTER     III. 

OP    TBE    BOOT    OR   DESCENDING    AXIS. 

117.  Tbb  Organs  of  Vegetation  (114)  in  Phseoogamous  plants, 
namely,  the  root,  stem,  and  leaves,  are  to  be  considered  in  succes- 
sion ;  and  it  is  on  some  accounts  most  convenient  to  begin  with 
the  root,  charged  as  it  is  with  the  eariiest  office  in  the  nutrition  of 
die  vegetable,  that  of  absorbing  its  food.  According  to  our  view 
of  the  matter,  however  (113),  its  formation  does  not  precede,  but 
follows,  that  of  the  stem. 

118.  The  Frifflary  Bool,  as  already  defined  (113-114),  is  the  de- 
seending  axis,  or  that  portion  of  the  trunk  which,  avoiding  the 
light,  grows  downwards,  fixing  the  plant  to  the  soil,  and  absorbing 
nourishment  from  it.  The  examination  of  any  ordinary  embryo 
during  germination,  such  as  that  of  the  Sugar  Maple  (Fig.  106  - 
107),  will  give  a  good  idea  of  the  formation  and  entire  peculiar- 
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I  of  the  root.     Its 
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idicle  (a),  or  preexisting  axit,  first  of  all 
grows  ia  such  a  way  as  to  elon- 
gate throughout  ita  whole  ex- 
tent (thus  showing  ibat  it  is  Dot 
itself  root,  hut  the  first  joiDt  of 
stem);  this  lengihening,  while 
it  thrusts  the  root-end  down- 
wards (113)  a  little  deeper  into 
the  soil,  at  the  same  time  raises  the  m 

cotyledoDs  (b)  to  the  surface,  and  at 

length  elevates  them  above  it,  where 

they  expand  in  the  light  and  air,  and 

begin  to  perform  the  office  of  leaves 

(Pig.  107).     Conlemporaneous  with 

this  elongation  of  the  radicle,  a  new 

and  diOerent   growth    takes    place 

from  its  lower  extremity  in  a  down* 

ward    direction,    which    forms    the 

Root  (Fig.   107,  r).     The  root  ia 

therefore  a  new  formation  from  ihe 

root-end  of  the  radicle.     It  begins 

by  the  production  of  a  quantity  of 

new  cells  (by  division)  at  the  ex-  ' 

tremity  of  the  radicle;  not  on  ita 

•urface,  however,  but  beneath  its  thin 

epidermis  and  the  superficial  cells. 

The   multiplication  of  cells  at  this 

point  proceeds  from  below  onwards ; 

those  behind  quickly  expanding  to  • 

their  full  size,  and  then  remaining 

unaltered,  while  those  next  the  apex  *" 

continue  to  multiply  by  division.     In  this  way  the  root  grows  on- 
ward by  continual  addilloDS  of  new  material  to  its  advancing  ex- 
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tremity ;  lengtheniog  from  the  lower  end  entirely  or  chiefly,  so 
tfant  this  part  of  a  growing  root  always  coasists  of  the  most  newly 
formed  and  vitally  active  tissue. 

119,  The  new  cells,  however,  do  not  occupy  the  very  point,  as 
is  commonly,  but  incorrectly,  stated.  This  is  capped,  as  it  were, 
by  an  obtusely  conical  moss  of  older  cells,  consisting  of  the  super- 
ficial tissue  of  the  end  of  the  radicle,  pushed  forward  by  the  cell- 
mull  i  plication  that  commenced  behind  it,  as  already  mentioned 
(Fig.  108).  As  the  original  cells  of  this  apex  wear  away  or  per- 
ish, they  are  replaced  by  the  layer  beneath  ;  and  so  the  advancing 
point  of  the  root  consists,  as  inspection  plainly  shows,  of  older  and 
denser  tissue  than  that  behind  it.*  The  point  of  every  branch  of 
the  root  is  capped  in  the  same  way.  It  follows  that  the  so-called 
tpongioles  or  apongdet*  of  the  roots  have  no  existence.  Not  only 
are  there  no  such  special  organs  as  are  commonly  spoken  of,  but 
absorption  evidently  does  not  take  place,  to  any  considerable  ex- 
tent, through  the  older  tissue  of  ihe  point  Itself. 

130.  As  to  absorption  by  roots,  the  inspection  of  the  root  of  a 
germinating  plantlet,  or  of  any  growing  rootlet,  even  under  a  low 
magnifying  power,  shows  that  they  must  imbibe  the  moisture  that 
bathes  them,  by  endosmosis  (37),  through  the  whole  recently  formed 
surface,  and  especially  by  the  hair-like  prolongations  of  the  exterior 
M  layer  of  cells,  or  JibriU,  as  they 

may  be  termed,  which  are  copi- 
ously borne  by  all  young  roota 
(Fig.  108).  Fig.  109,  110,  show 
some  of  these  root<bairs,  and  the 
tissue  that  bears  them,  more  mag- 
nified. These  capillary  tubes,  of 
groat  tenuity  and  with  extremely 
delicate  walls,  immensely  increase 
the  surface  which  the  rootlet  ex- 
poses, and  play  a  more  important 
part  in  absorption  than  is  gener- 
ally supposed ;  for  they  appear 
to  have  attracted  little  attention. 
These  fibrils  perish  when  the  growing  season  is  over,  or  when  the 

'  It  ii  a  similu'  tissDB  thtt  exrolinics  (rom  the  point  of  lonie  squatic  (as  in 
LertiDB,  Fig.  96),  and  manj  aeriaJ  roots  (u  in  Pandaoos),  in  the  loaa.  of  a 
loose  cup  or  abeath. 
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root  gets  a.  little  older;  at  the  same  time,  the  extenal  layer  of 
cells  that  bears  them,  at  lirgt  undistinguishable  from  the  pareochy- 
ma  beneath,  except  perhaps  ia  ibe  size  of  the  cells,  hardens  and 
tbickens  into  a  sort  of  epidermis,  or  firmer  skia,  so  as  to  arrest  or 
greslly  restrain  the  imbibilioa.  This  epidermis  (69)  of  the  root 
consiata  of  less  compressed  cells  than  in  parts  exposed  to  the  light, 
and  is  destitute  of  stomates  or  breathing- pores  (70). 

131.  The  growth  of  the  root  and  its  branches  keeps  pace  with 
the  development  of  the  stem.  As  the  latter  shoots  upward  and 
expands  its  leaves,  from  which  water  is  copiously  exhaled  during 
vigorous  vegetation,  the  former  grow  onward  and  continually  renew 
the  tender,  hygrometric  tissue  through  which  the  absorption,  re- 
quired to  restore  what  is  lost  by  evaporation  or  consumed  ia  growth, 
is  principally  effected.  Hence  the  danger  of  disturbing  the  active 
roots  during  the  season  of  growth.  In  early  summer,  when  the  sap 
M  rapidly  consumed  by  the  fresh  leaves,  the  rootlets  are  also  in  rap- 
id action.  The  growth  of  the  branches  and  roots  being  simultane- 
ous, while  new  bronchlets  and  leaves  are  developing,  the  rootlets 
are  extending  at  a  corresponding  rate,  and  their  tender  absorbing 
points  are  most  frequently  renewed.  They  cannot  now  be  re- 
moved from  the  soil  without  destroying  them,  at  the  very  time 
when  their  action  is  essential  to  restore  the  liquid  which  is  exhaled 
from  the  leaves.  But  towards  the  close  of  summer,  as  the  leaves 
grow  languid  and  the  growth  of  the  season  is  attained,  the  rootleig 
also  cease  to  grow,  the  loose  tissue  of  their  extremities,  not  being 
renewed,  gradually  solidifies,  and  absorption  at  length  ceases. 
This  indicates  the  proper  period  for  transplanting,  namely,  in  the 
autumn  after  vegetation  is  suspended,  or  in  early  spring  before  it 
recommences. 

122.  This  elongation  of  roots  by  their  advancing  points  alone  is 
admirably  adapted  to  the  conditions  in  which  they  are  placed. 
Growing  as  they  do  in  a  medium  of  such  unequal  resistance  as  the 
soil,  if  roots  increased  like  growing  stems,  by  the  elongation  of  the 
whole  body,  they  would  be  thrown,  whenever  the  elongating  force 
was  insufEctent  to  overcome  the  resistance,  into  knotted  or  con- 
torted shapes,  very  ill  adapted  for  the  free  transmission  of  fluid. 
But,  lengthening  only  at  their' farthest  extremity,  they  insinuate 
themselves  with  great  facility  into  the  crevices  or  yielding  parts  <^ 
the  soil,  and  afierwards  by  their  expansion  in  diameter  enlarge  the 
cavity  ;  or,  when  arrested  by  insuperable  obstacles,  their  advan- 
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cing  points  follow  the  surface  of  ihe  opposing  body  until  they  reach 
a  softer  medium.  In  this  manner,  too,  they  readily  extend  from 
place  to  place,  as  the  nourishment  in  their  immediate  vicinity  it 
consumed.  Hence,  also,  may  be  derived  a  simple  cxplanatioo  of 
the  fact,  that  roots  extend  most  rapidly  and  widely  in  the  direction 
of  the  most  favorable  soil,  without  supposing  any  prescience  on  the 
part  of  the  vegetable,  as  some  have  imagined. 

133.  The  advancing  extremity  of  the  root  consists  of  parenchy- 
ma alone  ;  but  bundles  of  vessels  and  woody  tissue  appear  in  the 
romiing  root,  soon  aAer  their  appearance  id  Ihe  primordial  stem 
above :  these  form  a  central  woody  or  fibrous  portion,  which  con* 
tinues  to  descend  (by  Ihe  transformation  of  a  portion  of  the  nas- 
cent  tissue)  as  the  growing  apex  advances ;  sometimes,  although 
not  usually,  inclosing  a  distinct  pith,  as  the  wood  of  the  stem  does. 
The  surrounding  parenchymatous  portion  becomes  the  bark  of  the 
root.  Increase  in  diameter  lakes  place  in  the  same  way  as  in  the 
stem.     {Chap.  IV.  Sect.  IV.,  V.) 

134.  We  have  taken  the  root  of  the  seedling  as  an  example  and 
epitome  of  that  of  the  whole  herb  or  tree  ;  as  we  rightly  may  ;  for 
in  its  whole  development  the  root  produces  no  other  parts;  it 
bears  nothing  but  naked  branches,  which  spring  from  different 
portions  of  the  surface  of  the  main  root,  neaHy  as  this  sprung  from 
the  radicle,  and  exactly  imitate  its  growth.  They  and  their  rami* 
fications  are  mere  repetitions  of  the  original  descending  axis,  serv- 
ing to  multiply  the  amount  of  absorbing  surface.  The  branches  of 
the  root,  moreover,  shoot  forth  without  apparent  order;  or  at  least 
in  DO  order  like  that  of  the  branches  of'the  stem,  which  have  a 
symmetrical  arrangement,  dependent,  as  we  shall  see,  upon  the 
arrangement  of  the  leaves. 

125.  To  the  general  statement  that  roots  give  birth  to  no  other 
organs,  there  is  this  abnormal,  but  by  no  means  unusual  exception, 
that  of  producing  buds  and  therefore  sending  up  leafy  branches. 
Although  not  naturally  furnished  with  buds,  like  the  stem,  yet, 
under  certain  circumstances,  the  roots  of  many  trees  and  shrubs, 
and  of  some  herbs,  have  the  power  of  producing  them  abundantly. 
Thus,  when  the  trunk  of  a  young  Apple-tree  or  Poplar  is  cut  off 
near  the  ground,  while  the  roots  are  vigorous  and  full  of  sap, 
those  which  spread  just  beneath  the  surface  produce  buds,  and 
give  rise  to  a  multitude  of  young  shoots.  The  roots  of  the  Ma- 
dura, or  Osage  Orange,  hatutually  g^ve  rise  to  buds  and  branches. 
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Such  buds  an  nid  \a  be  irregular, or  odeetUtlioiu.  This  power,  how< 
ever,  roots  share  with  every  part  of  the  vegetable  that  abounds  with 
paretKhyma :  even  leaves  are  known  (o  produce  adventiiious  buds. 

126.  The  root  has  been  illustrated  from  the  highest  class  of 
Pb^nogamoua  plants;  in  which  the  original  root,  or  downward 
prolongation  of  the  axis,  continues  to  grow,  at  least  for  a  consider- 
able time,  and  becomes  a  taproot,  or  main  trunk,  from  which 
branches  of  lai^r  or  smaller  size  emanate.  Of^en,  however,  this 
main  root  early  perishes  or  ceases  to  grow,  and  the  branches  take 
its  place.  In  some  plants  of  the  highest  class  (in  the  Gourd  Fam- 
ily, for  example),  and  in  nearly  the  whole  great  class  to  which 
Grasses,  Lilies,  and  Palms  belong,  there  is  no  one  main  trunk  or 
primary  root  from  which  the  rest  proceed ;  but  several  roots  spring 
forth  almost  simultaneously  from  the  radicle  in  germination,  and 
form  a  cluster  of  fibres,  of  nearly  equal  size  (Fig.  111).  Such 
plants  scarcely  exhibit  that  distinct  opposition  of  growth  in  the 
first  instance,  already  mentioned  as  one  characteristic  of  PhEsnoga- 
mous  vegetation.  Most  Phtenogamoua  plants  likewise  shoot  forth 
tceondarg  root*  from  the  stem  itself,  the  only  kind  produced  by 
Cryptt^raous  plants.  To  these  we  must  revert,  af\er  having  con- 
sidered some  diversities  connected  with  the  duration  and  form  of 
roots,  and  an  important  subsidiary  purpose  which  they  oflen  sub- 
serve. 

127.  Amnal  Boots  are  those  of  a  plant  which  springs  from  the 
seed,  flowers,  and  dies  the  same  year  or  season.  Such  plants 
always  have  fibrous  roots,  composed  of  numerous  slender  branches, 
fibres,  or  rootlets,  proceeding  laterally  from  the  nmin  or  tap-root, 
which  a  very  little  enlarged,  as  in  Mustard,  &c. ;  or  else  the  whole 
root  divides  at  once  into  such  fibrous  branches,  as  in  Barley  (Fig. 
Ill)  and  all  annual  Grasses.  These  multiplied  rootlets  are  well 
adapted  for  absorption  from  the  soil,  but  for  that  alone.  The  food 
which  the  rdots  of  such  a  plant  absorbs,  af\er  being  digested  and 
elaborated  in  its  leaves,  is  all  expended  in  the  production  of  new 
leafy  branches,  and  at  length  of  flowers.  The  flowering  process 
and  the  maturing  of  the  fruit  exhaust  the  vegetable  greatly  (in  a 
manner  hereafter  to  be  explained),  consuming  all  the  nourishing 
material  which  it  contains,  or  storing  it  up  in  the  fruit  or  seed  for 
its  offspring ;  and  having  no  stock  accumulated  in  the  root  or  else- 
where to  sustain  this  draught,  the  plant  perishes  at  the  close  of  the 
season,  or  whenever  it  has  fully  gone  to  seed. 
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138.  BiaUitl  BiWtl  ara  tboM  of  plsota  which  do  not  blossom 
unlit  the  second  season,  after  which  they  perish  like  anniwb.  In 
these  the  root  serres  as  a  reservoir  of  nourishing,  asnmilated  mat- 
ter (27,  79) ;  its  cells  therefore  become  gorged  with  starch  (81), 
vegetable  jelly  (83),  sugar  (84),  &a.  Such  thickened  roots  are 
said  to  be  fifh^,  and  receive  different  names  according  to  the 
shapes  they  assume.  When  the  accumulation  takes  place  in  the 
maia  trunk  or  tap-root,  it  becomes  conieaL,  as  in  the  Carrot,  Fig. 
112,  when  it  tapers  regularly  from  the  base  or  crown  to  the  apex; 
it  is  funform  or  spindle-shaped  when  it  tapers  upwards  as  well  as 
downwards,  as  in  the  Radish,  Fig.  113;  or  napiform  or  lumtp- 
shaped,  when  much  swollen  at  the  base,  so  as  to  become  broader 
than  long.  If  some  of  the  branches  or  fibres  are  thickened,  instead 
of  the  main  axis,  the  root  is  said  to  be  Jasciadaled  or  cluttered, 
as  in  Fig.  114;  or  tvheriferous  or  tuherous,  when  they  assume  the 
form  of  rounded  knobs,  as  in  Fig.  115;  or  palmate,  when  the 
knobs  are  branched,  as  in  Fig.  116.  These  must  not  be  con- 
founded with  tubers,  such  as  potatoes,  which  are  forms  of  stems. 
Most  of  these  are  biennial.  Such  plants  (of  which  the  Radish, 
Carrot,  Beet,  and  Turnip,  among  our  esculents,  are  familiar  exam- 


ples) neither  flower  the  first  season,  nor  even  expend  in  the  pro- 
duction of  stems  and  branches  much  of  the  nourishment  they  gen- 
erate ;  but,  forming  a  large  tuft  of  leaves  at  the  very  surface  of 
tlie  ground,  they  accumulate  in  the  root  nearly  the  whole  sum- 
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Mer's  aupply  of  nourishmeiiL  Wben  vegstatbn  is  msiuned,  the 
r<rilowiag  spring,  they  make  a  strong  and  rapid  growth,  shooting 
fbitb  a  large  stem,  and  bearing  flowers,  fruit,  and  seed,  almost 
wbdiy  M  the  ezpease  of  the  accumulation  of  the  previous  year  ; 
diis  stora  is  soon  coosumed,  therefore ;  aud  the  plant,  meanwhile 
neglecting  to  form  new  roots,  perishes  from  exhauaticm. 

129.  PtRHill  BwU.  A  third  class  of  herbs,  and  all  woody 
plants,  do  not  so  absolutely  depend  upon  the  stock  of  the  previous 
seoaoo,  but  annually  produce  new  roots  and  form  new  accumula* 
tioiM ;  sometimes  in  separate  portions  of  the  root,  as  in  the  Dahlia 
or  the  Orchis  (Fig.  115),  where,  while  one  or  more  of  such  reser- 
Toirs  is  exhausted  each  year,  others  are  providently  formed  for 
^  next  year's  sustenance  ;  and  so  on  from  year  to  year  ;  a  por- 
tion annually  perishing,  but  the  individual  plant  surviving  indefi- 
Bitely.  More  commonly,  the  whole  body  and  main  branches  of 
tke  root  are  somewhat  thickened  ;  or  portions  of  the  stem  may 
subserve  this  purpose,  as  in  all  tuberous  herbs ;  or  the  nourishing 
Blatter  may  be  widely  distributed  through  the  trunk,  as  in  shrubs 
•nd  trees.  These  are  some  of  the  modifications  in  this  respect  of 
ftrautial  plants,  which  survive,  or  at  least  their  roots,  and  blossom 
from  year  to  year  indefinitely. 

ISa  Sacoidarf  Koab.  (Also  called  Aieentitwua  Roots.)  Thus 
&r,  the  primitive  root,  that  which  originated  from  the  base  of  the 
Bmbryo  in  germioation,  with  its  ramifications,  has  alone  been  con- 
sidered. But  roots  habitually  spring  from  any  part  of  a  growing 
Mem  that  lies  on  the  ground,  or  is  buried  beneath  its  surface,  so  as 
to  provide  the  moisture  and  darkness  they  require  ;  for  such  roots 
obey  the  ordinary  tendency  of  the  organ,  avoiding  the  light,  and 
seeking  to  bury  themselves  in  the  soil.  Most  creeping  plants  pro- 
dace  them  at  every  joint ;  and  most  branches,  when  bent  to  the 
ground  and  covered  with  earth,  will  strike  root.  So,  oflen,  will 
separate  pieces  of  young  stems,  if  due  care  be  taken;  as  when 
plants  are  propagated  by  cuttings.  Stems  commonly  do  not  strike 
root,  except  when  la  contact  with  the  ground.  To  this,  however, 
there  are  various  ezceptiws ;  as  in  the  case  of 
.  131.  Aerial  BottL  Some  woody  vines  climb  by  such  roodela ; 
as  (be  Ivy,  our  own  Poison  Ivy  (Rhus  Toxicodendron),  and  the 
Bignonia  or  Trumpet-Creeper,  which  in  this  way  reach  the  sum- 
mit of  high  trees.  Such  plants  derive  tbeir  Bourishmeol  (com  their 
ordinary  roots  imbedded  in  the  soil ;  their  copious  aeiial  rootlets 
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merely  Knring  fbr  mechanical   mipporL     Other  plants  produce 
true  aerial  roots,  which,  emitted  from  the  stem  in  the  open  air, 
descend  to  the  ground  and  establiah  tbemselres  in  the  soil.     Thia 
may  be  observed,  on  a  aroall  scale,  in  the  sterna  of  Indian  Com, 
where  the  lower  joints  often  produce  roots   which  grow  to  the 
length  of  several  inches  before  they  reach  the  soil.     More  striking 
cases  of  the  kind  abound  in  those  tropical  regions  where  the  sultry 
air,  saturated  with  moisture  for  a  large  part  of  the  year,  favors  the 
utmost  luxuriance  of  vegetation.     The  Pandanus  or  Screw-Pine  (a 
Palm-like  tree,  often  cultivated  in  our  conservatories)  affords  a 
well-known  instance.     The  strong  roots,  emitted  iA  the  open  air 
from  the  lower  part  of  the  trunk,  soon  reach  the  soil,  as  is  shown 
in  Fig.  117,  giving 
the  tree  the  appear- 
ance  of  having  been 
partially  raised  out 
of  the  ground.  The 
famous  Banyan-tree 
(Pig.  119]aSbrdsB 
still    more    striking 
illustration.       Here 
the    aerial    rootlets 
strike  from  the  hor- 
izontal branches  of 
the  tree,  often  at  a 
great    height,    and 
awing  free    in  the 
air     like     pendent 
cords;  but  they  li- 
nally  reach  and  es- 
tablish themselves  in 
the  ground,   where 
they  increase  in  di- 
ameter  and   form  numerous   accessory  trunks,  surrounding  the 
original  boll  and  supporting  the  wide-spread  canopy  of  branches 
and  foliage.     Very  similar  is  the  economy  of  the  Mangrove  (Fig. 
118),  which  inhabits  muddy  sea-shores  throOghout  the  tropics,  and 
even  occurs  sparingly  on  the  coast  of  Florida  and  Louisiana.     Its 
aerial  roots  spring  both  from  the  main  trunk,  as  in  the  Pandanns, 

no.  117.    TUPuiluiwi,a[Su*w-Pl»i  vtUi,  llB,aHui(n>n.Lna(BUiDiibmIbi«la). 
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mad  from  tbe  branchlets,  u  in  the  Baay&n.     Moreover,  thb  ten- 
dency to  ahool  in  tbe  air  b  shown  even  in  tbe  embryo,  wbich  be- 


gins lo  germinate  while  the  pod  is  yet  attached  to  the  parent 
branch ;  tbe  radicle,  or  root-end  of  tbe  embryo,  elongating  into  a 
slender  thread,  which  may  even  reach  tbe  ground,  from  tbe  height  of 
many  yards,  before  the  pod  is  detached.  !d  this  manner  the  Man- 
grove  forms  those  impenetrable  maritime  thickets  which  abound 
on  low,  muddy  shores,  within  the  tropics.   . 

132.  Epiphrll«,orj4ir-p/anii,eahibit  a  further  peculiarity.  Their 
roots  not  only  strike  in  the  free  air,  but  throughout  their  life  have 
no  connection  with  the  soil.  They  genemlly  grow  upon  tbe  trunks 
and  braDcbes  of  trees ;  their  roots  merely  adhering  to  the  bark  to 
fii  the  plant  in  its  position,  or  else  banging  loose  in  the  air,  from 
which  such  plants  draw  all  their  nourishment  Of  this  kind  are  a 
laj^  portion  of  the  gorgeous  Orchidaceous  plants  of  very  warm 
and  humid  climes,  which  are  bo  much  prized  in  hol-bouses,  and 
which,  in  their  flowers  as  well  as  their  geneml  aspect,  exhibit  such 
fantastic  and  infinitely  variud  forms.  Some  of  the  flowers  resem- 
ble butterflies,  or  strange  insects,  in  shape  as  well  as  in  gaudy  col- 
oring ;  such,  for  example,  as  the  Oncidium  Pajiilio  (Fig.  120), 
which  we  have  selected  for  one  of  our  illustrations.  To  onother 
family  of  Epiphytic  plants  belongs  the  Tillandsia,  or  Long  Moss, 
which,  pendent  in  long  and  gray  tangled  clusters  or  festoons  from 
the  branches  of  the  Live-Oak  or  Long-lcavcd  Pine,  gives  such  a 


FIG.  ]  19.    Tha  Bu^u-im,  or  Indian  Fi(  (Ficiu  ladkt). 
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peculiar  and  sombre  aspect  to  the  forests  of  the  warmer  porti<Nis 
of  our  Southern  States.     They  are  called  Air-plants,  in  allusiiMi  to 


the  source  of  their  nourishment ;  and  Epiphytes,  from  their  grow- 
ing upon  other  plants,  and  in  conlradJstinclion  to 

133.  PantilH,  that  not  only  grow  upon  other  regetahles,  but  live 
at  their  expense  ;  which  Epiphytes  do  not.  Paraaitic  plants  may 
be  divided  into  two  sorts,  viz. :  —  1st,  those  that  have  green  foli- 
age, and  2d,  those  thai  are  destitute  of  green  foliage.  They  may 
vary  also  in  the  degree  of  parasitism ;  the  greater  number  being 
absolutely  dependent  upon  the  foster  plant  for  nourishment,  while 
a  few,  such  as  the  Cursed  Fig  (Clusia  rosea)  of  tropical  America, 
often  take  root  in  the  soil,  and  thence  derive  a  part,  or  sometimes 
the  whole,  of  their  support.     This  occurs  only  in 

134.  Green  Parasites,  or  those  furnished  with  green  foliage,  or 
proper  digestive  organs  of  their  own.  These  strike  their  roots 
tbrougK  the  bark  and  directly  into  the  new  wood  of  the  foster 

]  tfi^jum  of  iIm  OreUa 
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plant ;  whence  they  can  draw  little  escepl  the  ascending,  mostly 
crude  sap  (79),  which  they  have  to  asaimilale  in  their  own  green 
leaves.  The  Mistletoe  is  the  most  familiar  example  of  this  class. 
It  is  always  completely  parasitic,  being  at  no  period  connected 
with  the  earth  ;  hut  the  seed  germinates  upon  the  trunk  or  branch 
of  the  tree  where  it  happens  to  fall,  and  its  nascent  root,  or  rather 
the  woody  mass  that  it  produces  in  place  of  the  root,  penetrates 
the  bark  of  the  foster  stem,  and  forms  as  close  a  junction,  ap> 
parently,  with  its  young  wood  as  thai  of  a  natural  branch.  Some 
species  of  Mistletoe,  or  of  the  same  family,  however,  display  no 
proper  green  foliage,  but  are  of  a  yellow  or  brown  hue.  On  the 
other  hand,  imperfect  root-parasites  with  green  foliage  have  re- 
cently been  detected  in  more  than  one  tribe  of  plants ;  *  thus  ex- 
liibiling  intermediate  states  between  the  Green  and  the 

135.  Pak  or  Colored  Parantet,  that  is,  of  other  colon  than 
green  ;  such  as  Beech-drops,  Orobanche,  &c.  These  strUie  their 
roots,  or  sucker-shaped  discs,  into  the 
bark,  mostly  that  of  the  root,  of 
Other  plants,  and  thence  draw  their 
food  from  the  sap  already  elaborat- 
ed (79).  They  have  accordingly 
no  occasion  for  digestive  organs  of 
their  own,  and  are  in  fact  always 
destitute  of  green  foliage.  In  some 
cases  of  the  kind,  as  in  the  Dodder 
(F^.  ISS- 124),  the  seeds  germinate 
in  the  earth,  from  which  the  primi- 
tive root  derives  its  nourishment  in 
the  ordinary  manner  ;  but  when  the 
slender  twining  stem  reaches  the 
mirrounding  heritage,  it  gives  out 
aerial  roots,  which  attach  themselves 
firmly  to  the  surface  of  the  support- 
ing plants  penetrate  its  epidermis,  and  fi 


d  upon  its  juices ;  while 


"  In  EogUna  a  Thcsinm 
FIG.  laS-    Tba  common  noddn 


a  discoTered  b;  Mr.  MiUcn  to  attach  iu  roott 


caamon  DaiAa  of  the  Nsnhsm  Sum  (CukuU  Onnwrll),  of  ihg  DUnnl 
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the  origiiutl  root  and  base  of  the  stem  peiidi,  and  tbe  plunl  has  tto 
loDger  aoy  connection  with  the  aoi).  Tbns  atealing  its  nourisb- 
ment  ready  prepared,  it  requires  no  proper  digestive  oi^ns  of  ils 
own,  and,  coosequeotly,  does  not  produce  leaves.  This  economy 
is,  as  it  were,  foreshadowed  in  the  embiyo  of  the  Dodder,  whicb 
is  a  sletuJer  thread  spirally  coiled  in  the  seed  (Fig.  123,  124),  and 
which  presents  no  vestige  of  ootyledona  or  aeed-leaves.  A  spe- 
cies of  Dodder  infests  and  greatly  injures  flax  in  Europe,  and 
sometimes  makes  its  appearance  in  our  own  flax-fields,  having 
been  introduced  with  the  imported  seed.  Some  species  make 
great  havoc  in  the  clover-fields  of  the  Old  World. 

136.  Such  parasites  do  not  live  upon  all  plaots  indiscriminately, 
but  only  upon  those  whose  elaborate  juices  furnish  a  propitious 
nourishment.  Some  of  them  are  restricted,  or  nearly  so,  to  a  par- 
ticular  species  ;  others  show  little  preference,  or  are  found  indif- 
ferently upon  several  species  of  different  families.  Their  seeds, 
in  some  cases,  it  is  said,  will  germinate  only  when  in  contact  with 


the  stem  or  root  of  the  species  upon  which  they  are  destined  to 
live.     Having  no  seed  or  foliage,  such  plants  may  he  reduced  to  a 

parmiticallj,  bj  mckers,  lo  the  roots  of  adjacent  hcrla.  (It  wonid  tw  ioiereat- 
ing  to  know  if  this  ia  the  aisa  wiih  our  Comandra.)  Then  Dccaisne,  recol- 
lecling  tbat  Rhinanlhaceons  plume  generally,  all  of  which  blacken  more  or  less 
ia  drjing,  were  known  to  be  ancnltivable,  and  hare  the  repntalion,  in  France 
snd  elsewhere,  of  being  injnrions  to  nereal  and  other  pUnM  in  (heir  vieinitr, 
was  led  to  the  discovery  that  plants  of  Bhinanthos,  Melampyrum,  and  of  the 
allied  genera,  attach  themselves  by  numerous  suckers  on  their  roola  to  the 
roots  of  Grasses,  shrubby  plants,  and  even  of  trees,  among  which  they  grow. 
Our  handsome  species  of  Gerardia  ara  equally  uncoliivablc,  doubtless  on  ac- 
ooant  of  thi*  partial  parasitism. 

'  YIQ.  1^.    Bat&aa  ktaaUi;  an  upinJad  flonr,  and ■  bud,  dirwtl;  lamiUc  do  ihs  Aam 
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■talk  with  K  single  flower  or  cluster  of  flowers,  as  in  the  diSfarent 
kinds  of  Beech-drops,*  the  Cytinus,  which  is  parasitic  on  the  Cistua 
of  the  South  of  Europe,  6i.c.  Tbey  may  even  be  reduced  to  a 
nngle  flower  directly  parasitic  on  the  bark  of  the  foster  plant, 
without  the  intervention  of  any  manifest  stem.  A  truly  wonderful 
inslance  of  this  kind  is  furnished  by  that  vegetable  Titan,  the  Saf- 
flesia  AriMildi  of  Sumatra  (Pig.  125).  The  flower  which  was  firat 
diacovered  grew  upon  the  stem  of  a  kind  of  grape-vine ;  it  nieas- 
ai«d  nine  feet  in  circumference,  and  weighed  fifteen  pounds  I  Ita 
color  is  light  orange,  mottled  with  yellowish-white. 

187.  Among  Cryptogamous  plants,  numerous  Fungi  are  para- 
sitic upMi  living,  especially  upon  languishing  vegetables ;  otbera 
infest  living  animals;  the  reat  feed  on  dead  or  decaying  vegeta- 
ble or  animal  matters:  all  are  destitute  of  chlorophyll  (87),  or  any 
thing  like  green  foliage.  It  is  not  improbable  that  our  Monotropa, 
or  Indian  Pipe,  a  pallid  and  fungus-like  Phenogamous  plant,  drawa 
ita  nourishment,  at  least  in  great  part,  from  the  decaying  learea 
nmong  which  it  grows. 


CHAPTER    IV. 

op    THE    STEM,   OR     AaCENDINO    AXIS. 

Sect.  I.    Its  Gbnebal  Chakacteristics  and  Mods  op  Growth, 

138.  Besides  the  direction  of  its  growth,  the  descending  axis  or 
root  we  have  found  to  be  chaiaclerized  by  producing  nothing  ex- 
cept naked  branches  or  subdivisions,  and  these  in  no  definite  order ; 
by  ibeir  continued  extension  through  new  formation  at  the  extrem- 
ity only,  and  in  an  uninterrupted  manner,  so  as  to  give  rise  to  no 
joints  or  nodes,  and  consequently  to  bear  no  leaves  ( 141) ;  by  the 
absence  of  slomates  in  its  epidermis  {which,  however,  is  the  case 
in  all  parts  developed  under  ground) ;  and  commonly  by  having 
no  pith  in  the  centre,  or  only  a  minute  pith  at  the  base,  where  it 
joins  the  stem.  The  latter  organ  differs  in  nearly  all  these  par- 
ticulars. 

*  Bee  bx^j  OniajidttKta,  in  tbe  (eeoad  put  of  lUi  woA. 
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139.  The  Sfnn  ia  the  ascending  aiis,  or  that  portion  of  the  trunk 
which  in  the  emhryo  growa  in  an  opposite  direction  from  the  root, 
seeking  the  light,  and  exposing  itself  aa  much  as  possible  to  the 
air.  All  PhEenogamous  plants  (110)  possess  stems,  la  those 
which  are  said  to  be  acauletcent,  or  ttemUta,  it  is  either  very  short, 
or  concealed  beneath  the  ground.  Although  the  stem  always  takes 
an  ascending  direction  at  thq  commencement  of  its  growth,  it  does 
not  uniformly  retain  it ;  hut  sometimes  trails  along  the  surface  of 
the  ground,  or  burrows  beneath  it,  sending  up  branches,  flower- 
stalks,  or  leaves  into  the  air.  The  comnton  idea,  therefore,  that 
all  the  subterranean  portion  of  a  plant  belongs  to  the  root,  is  by  no 
means  correct 

140.  The  root  gives  birth  to  no  other  organs,  but  itself  directly 
performs  those  functions  which  pertain  to  the  relations  of  the  veg- 
etable with  the  soil ;  —  its  branches  bind  the  plant  to  the  earth ;  its 
newly  formed  extremities,  or  fresh  rootlels,  with  the  capillary  fibrils 
they  bear,  imbibe  nourishment  from  it.  But  the  aerial  functions 
of  vegetation  are  chiefly  carried  on,  not  so  much  by  the  stem  it* 
self  09  by  a  distinct  set  of  organs  which  it  bears,  namely,  the 
leaves.  Hence,  the  productioa  of  leaves  is  one  of  tlte  character- 
istics of  the  stem.  These  are  produced  only  at  certain  definite 
and  symmetrically  arranged  points,  called 

141.  Nodfg,  literally  tnots,  so  named  because  the  tissues  are  here 
condensed,  interlaced,  or  interrupted,  more  or  less,  as  is  conspicu- 
ously seen  in  the  Bamboo,  in  a  slalk  of  Indian  Com,  or  of  any 
other  Grass.  Here  each  node  forms  a  complete  indurated  ring, 
because  the  leaf  arises  from  the  whole  circumference  of  the  stem 
at  that  place.  When  the  base  of  the  leaf  or  leaf-stalk  occupies 
only  a  part  of  the  circumference,  the  nodes  are  not  so  distinctly 
marked,  except  by  the  leaves  they  hear,  or  by  tlie  scars  left  by 
their  fall  (Fig.  127,  !»)).  When  distinct  they  are  of\en  called 
joints,  and  sometimes,  Indeed,  the  stem  is  actually  ^otnlAJ,  or  or'ic- 
tUaied,  at  these  points ;  but  commonly  there  Is  no  tendency  to 
separate  there.  £ach  node  bears  either  a  single  leaf,  or  two 
placed  on  opposite  sides  of  the  stem  (Pig.  104),  or  three  or  more, 
placed  in  a  ring  (in  botanical  language,  a  tehorl  or  c er(tc«/)  around 
the  stem.  The  naked  portions  or  spaces  that  intervene  between 
the  nodes  are  termed 

142.  iDleniodei.  The  undeveloped  stem  is,  in  fact,  made  up  of 
a  certain  number  of  these  leaf-bearing  points,  separated  by  short 
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intervals  ;  and  its  growth  consisls,  primarily,  in  the  elongation  of 
these  intemodes  (much  after  the  mode  io  which  the  joints  of  a 
pocket-telescope  are  drawn  out,  one  after  the  other),  so  as  to  sep- 
uate  the  nodes  to  a  greater  or  less  distance  from  each  other,  and 
allow  the  leaves  to  expand. 

143.  This  brings  to  view  the  leading  peculiarity  of  the  stem, 
namely,  that  it  is  formed  of  a  succession  of  similar  parts,  developed 
one  upon  the  summit  of  another,  each  with  its  own  independent 
growth  :  each  developing  intemode,  moreover,  lengthens  through- 
out its  whole  body,  unlike  the  root,  which  elongates  continuously 
from  its  extremity  alone.  The  nodes  or  the  leaves  they  bear  are 
first  formed,  in  close  contiguity  with  the  preceding ;  then  the 
interaodes  appear,  and  1^.  their  elongation  separate  them,  and  so 
carry  upward  the  stem.  To  have  a  good  idea  of  this,  we  have 
only  to  observe  the  gradual  evolution  of  a  germinating  plant,  when 
each  intemode  developea  nearly  to  its  full  length,  and  expands  the 
leaf  or  pair  of  leaves  it  bears,  before  the  elongation  of  the  suc- 
ceeding one  commences.  The  radicle,  or  internode  which  pre- 
exists in  the  embryo  (118),  elongates,  and  raises  the  seed-leaves 
into  the  air  (Fig.  107);  they  expand  and  elaborate  the  material 
for  the  next  joint,  the  leaves  of  which  in  turn  prepare  the  material 
for  the  third  (Fig.  103  -  104),  and  so  on.  The  internode  length- 
ens  principally  by  the  elongation  of  its  already  formed  cells,  par- 
ticularly in  its  lower  part,  which  continues  to  grow  after  the  upper 
ponion  has  finished. 

144.  Bodi.  The  apex  of  the  stem,  accordingly,  at  least  of  every 
stem  capable  of  further  terminal  growth,  is  always  crowned  with 
an  undeveloped  portion,  the  rudiments  of  parts  similar  to  thoas 
already  unfcdded,  that  is,  with  a  Bud  (113).  The  embryo  itself 
may  be  rightly  viewed  as  the  fundamental  bud  borne  on  the  apex 
of  the  radicle  or  original  intemode,  from  which  the  whole  plant  is 
developed  ;  just  as  an  ordinary  bud  of  a  tree  or  shrub  developes 
to  form  a  year's  growth.  Except  that,  in  the  latter  case,  the  difiei> 
ent  steps  follow  each  other  more  closely  ;  for  the  bud  usually 
has  a  considerable  number  of  parts  ready  formed  in  miniature  be- 
fore it  begins  to  grow,  and  has  a  full  store  of  assimilated  sap  accu- 
mulated in  the  parent  stem  to  feed  upon.  Such  buda,  which 
appear  at  the  apex  of  a  stem  when  it  has  completed  its  growth  for 
the  season,  often  exhibit  the  whole  plan  and  amount  of  the  next 
year's  growth ;  the  nodes,  and  even  the  leaves  they  bear,  being 
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already  formed,  and  only  reqairing  the  elongation  of  the  inter* 
Bodes  for  their  full  expansion.  The  structure  is  shown  in  the  an- 
nexed diagram  (Fig.  126),  which  represents  the  vertical  aectioa  of 
a  hud  (like  that  which  crowns 
the  stem  in  Pig.  127),  as  it  ap> 
pears  in  early  spring.  As  tbe 
bud  is  supplied  by  the  stem  on 
which  it  rests  with  nourishmeDl 
sufficient  for  its  whole  develop- 
ment,  it  eloDgates  rapidly  ;  and 
although  the  growth  commences 
with  the  lowest  intemode,  and 
follows  the  same  course  as  in 
the  seedling,  yet  the  second, 
third,  and  founh  intemodes, 
&c.,  have  begun  to  lengthen 
long  before  the  first  has  attained 
its  full  growth  ;  as  is  attempted 
to  be  shown  by  the  diagiam. 
Fig.  128.  The  stem  thus  con- 
tinued from  a  termtnal  bud  is, 
if  it  survive,  again  terminated 
with  a  nmilar  bud  at  the  close 
of  the  season,  which  in  its  development  repeats  the  same  process. 
145.  These  yearly  growths,  in  trees  with  well-formed  Scaly 
Bud*,  such  as  the  Magnolia  (Pig.  130),  tbe  Horsecheanut  (Pig. 
127),  &c.,  are  plainly  maiiied  by  the  assemblage  of  scars  or 
rings  on  the  bark  (a),  which  mark  the  places  where  the  bud-scales 
were  attached.  The  reason  why  these,  and  tbe  leaf-scars,  are 
obliterated  at^er  a  few  years,  will  appear  when  the  increase  of  the 
Stem  in  diameter  is  coDsidered.  The  bud-scales  themselves,  which 
so  closely  overlie  each  other  and  protect  the  tender  parts  within 
against  injury  from  moisture  and  sudden  changes  of  temperature 
during  the   dormant  state,*  are   only  a  special  modification  of 

*  Tbe  more  cReclnally  to  irard  ofT  moiBtar«,  thej  are  comnion];  coTortd 
with  B  vaxj,  re«inou9,  or  baliamic  cxudatioa  (aa  in  the  Poplar  espcciallj), 

FIO.  1%.    DlggntnafilonglluJinilKlionaribiid.suctaulbuor 

F[0,  LS8.    Diosmin  to  Ulunnu  Ihs  dcTclaiHngTil  of  the  tud  la  Flf.  136,  127. 
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MODBS   AND  INTBBNODBS. — BUDS.  W 

"■  "*  leaves,  developed  in  this  shape  at  a 

time  when  the  iatemodea  have  ceased 
to  elongate  ;  so  that  the  space  between 
each  ring  in  the  figure  just  referred  to 
represents  an  undeveloped  internode. 
Such  a  stem  displays  alternately  two 
modes  of  growth.  First,  the  interaodes 
elongate  and  interspace  a  succession 
or  leaves,  making  the  proper  vegetation 
of  the  season.  Then  a  series  of  leaves 
fonn  as  bud-scales,  with  internodes  in- 
capable  of  extension,  and  within  them 
the  rudiments  of  the  next  year's  vege- 
tation are  prepared,  to  be  developed  as 
before,  after  a  season  of  repose.  As 
might  be  expected,  therefore,  such 
$caly  (or  pervXaU)  buds  belong  to  trees 
and  shrubs  of  countries  which  have  a 
winter ;  and  are  not  met  with,  at  least 
so  distinctly,  in  those  of  the  tropics; 
where,  as  there  is  no  danger  of  injury 
from  cold,  the  first  parts  that  appear 
in  the  bud  are  ordinary  leaves.  On  the 
other  hand,  many  trees  and  shrubs  <iS 
cold  climates  bear  naked  buds,  as  the 
Locust,  Honey  Locust,  Ailanlhus,  &c., 
or  buds  with  little  scaly  covering,  as  in 
the  Kentucky  Cofl*ee-tree,  the  Papaw, 
&c.  But  in  these  cases  the  bud  scarcely 
projects  80  as  to  be  visible  extemally 
until  it  begins  to  develope  In  the  spring. 
In  Viburnum,  some  species,  such  as  V. 

impflrvioiu  lo  run,  bat  which  is  melted  bj  the  heat  of  the  ran  wbea  it  stima- 
ImlM  the  bad  into  growth.  To  guard  againac  sudden  changei  of  lemperalare, 
ibej  itfe  often  lin«d,  or  the  mdimentarf  Imvw  within  are  inTested,  with  noa- 
Mddocting  down  or  woc^ 

ninigd  wltli  lbs  tfrmlnl  Ind ) 

beuuiulirgunlaniijtbalkUDribB  bud- 

liar  bud ;  lu  Ihlckoiwd  ula  I* 
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Opulus,  &c.,  have  proper  acaly  buds,  while  in  V.  lantancndeB,  V. 
nudum,  &.C.,  they  are  entirely  naked. 

146.  The  bud,  it  is  evident,  ia  nothing  more  than  the  first  stage 
-    in  the  development  of  a  stem  (or  branch),  the  axis  still  so  dtort 

that  the  scales  without  and  the  rudinientary  leaves  within  cover  or 
overlap  one  another.  The  various  ways  in  which  these  parts  are 
packed  ta  the  bud  will  be  considered  under  another  head  (Verna- 
tion, 257).  That  the  scales  of  the  bud  ere  of  the  same  general 
nature  as  leaves  is  evident,  not  only  from  tlieir  position,  but  rrom 
their  gradual  transition  tulo  ordinary  leaves  in  numy  cases.  This 
is  well  seen  in  the  expanding  buds  of  the  Lilac,  Hickory,  Horse- 
chestnut,  and  especially  of  the  Buckeye.  The  scales  represent, 
aunetimea  the  blade  of  the  leaf,  as  in  the  Lilac  ;  but  more  com- 
ntonly  the  dilated  base  of  the  leafstalk,  as  is  evident  in. the  Bai- 
sam,  Poplar,  Butteraul,  and  Hickory;  or  their  stipules  (259), 
either  combined  with  this  base,  as  in  the  Magnolia  (Fig.  131),  or 
alone,  as  in  the  Talip-tree.  Scales  passing  into  ordinary  leaves 
are  abundantly  obvious  on  the  turioui,  or  Bubtenanean  budding 
■hoots,  of  numerous  perennial  herbs. 

147.  By  the  development  of  the  preexisting  bud  in  the  embryo, 
the  original  stem  is  produced  ;  and  it  may  be  continued  from  year 
to  year  by  the  continued  evolution  of  a  terminal  bud.  Growing  in 
this  way  only,  the  stem  would  of  course  remain  simple  or  un> 
branched  ;  as  is  the  case  with  many  during  the  first  year,  and  with 
others,  such  as  most  Palms  (Fig.  166)  and  Reeds,  throughout  their 
whole  existence.  But  more  commonly  branches  appear,  even 
duiing  the  first  year's  growth. 

Sect.  II.    BxMiFicATioM. 

148.  Bnilchn  spring  from  laleral  or  axiUary  hudi.  These  are 
new  undeveloped  axes  or  growing  points,  which  habitually  appear, 
or  at  least  may  appear,  one  (or  occasionally  two  or  three)  in  the 
axil  of  each  leaf,  that  is,  in  the  upper  angle  which  the  leaf  forms 
with  the  stem.  (See  Fig.  127,  e,  where  the  point  at  which  the 
fallen  leaves  were  attached  is  marked  by  the  broad  scar,  b,  just  bo- 
low  the  bud.)  The  axillary  bud  is  at  first  a  little  cellular  nucleus 
on  the  surface  of  the  wood,  at  the  end  of  one  of  the  cellular  lines 
that  form  the  silver-groin  (196),  and  underneath  the  bark,  through 
which  it  pushes  as  it  grows,  and  shapes  itself  into  a  rudimentary 
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axis,  covered  with  the  little  appendages  which  become  acales  or 
leaves.  When  these  buds  grow,  they  give  rise  to  Bkahches; 
which  are  repetitions,  as  it  were,  of  the  main  stem,  growing  just 
as  that  did  from  the  seed  ;  excepting  merely,  that,  while  that  was 
implanted  in  the  ground,  these  proceed  from  the  parent  stem. 
The  bisncbes  thus  produced  are  in  tu>n  provided  with  similar 
bads  in  the  axils  of  their  leaves,  which  have  the  same  ralation  to 
Ibe  primary  branch  that  il  has  to  the  main  stem,  and  are  capable 
of  developing  into  branches  of  a  third  order,  and  so  on  indeGDite> 
Ij,  producing  the  whole  ramification  of  the  plant.  The  whole  ia 
merely  a  aeries  of  repetitions,  from  new  starting-points,  of  what 
took  place  in  the  evolution  of  the  first  axis,  preexistent  in  the  seed. 
In  the  seed,  therefore,  or  rather  in  the  embryo  it  ccmlaing,  we  have 
Ibe  expression,  in  a  condensed  form,  of  the  whole  being  of  the 
^nt.    The  latest  ramifications,  or  twigs,  are  termed  BxAiicBLXTfl. 

149.  The  anangemenl  of  axillary  buds  depends  upon  that  of 
tbe  leaves.  When  the  leaves  are  opposite  (that  ia,  two  on  each 
node,  placed  on  opposite  sidos  of  the  stem),  the  buds  in  their  axila 
are  cotuequently  opposite  ;  as  in  the  Maple,  Horaecbestout  (Fig. 
127),  Lilac  (Fig.  129),  iro.  When  tbe  leaves  are  alternate,  or  one 
npoo  each  node,  as  in  the  Apple,  Poplar,  Oak,  Magnolia  (Fig- 
130),  &,c,  the  buds  implicitly  follow  the  same  arrangement. 
Branches,  therefore,  being  developed  buds,  their  arrangement  ii 
not  left  to  chance,  but  is  predetermined,  symmetrical,  aitd  gov- 
erned by  fixed  laws.  When  tbe  leaves  are  alternate,  the  branches 
will  be  alternate :  when  the  leaves  are  opposite,  and  the  budt  4to- 
velope  regularly,  the  branches  will  be  opposite.  In  other  words, 
if  a  bud  in  the  axil  of  each  leaf  ia  developed  into  a  branch,  the 
relative  situation  of  the  branches  will  be  the  same  as  that  of  the 
teaves. 

150.  But  the  regular  symmetry  of  tlw  ramification  is  often  ac- 
cidentally interfered  with  by  various  causes,  especially  by  the  ao*- 
deeelopment  of  a  part  of  the  buds.  As  the  original  embryo  plaBt 
remains  "for  a  time  latent  in  the  seed,  growing  only  when  a  con- 
junction of  favorable  circumstances  calls  its  life  into  action,  so  alao 
many  of  the  buds  of  a  shrub  or  tree  may  remain  latent  for  an  in- 
definite time,  without  losing  their  power  of  growth.  In  our  treea, 
most  of  the  lateral  buds  generally  remain  dormant  for  the  fim 
aeaaon :  they  appear  in  the  axils  of  the  leaves  <»rly  in  summer, 
but  do  not  grow  into  braDcbea  until  tbe  following  spring;  and 
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eron  then  mly  a  part  of  them  usually  grow.  Sometimea  the  noo- 
developntent  or  auppreanon  occur*  without  appreciBble  order ;  but 
it  often  follows  a  nearly  uniform  rule  in  each  species.  Thus, 
when  the  leaves  are  opposite,  there  are  usually  three  buds  at  the 
apex  of  a  branch ;  namely,  the  terminal,  and  one  in  the  axil  ot 
each  leaf;  but  it  seldom  happens  that  all  three  grow  at  the  same 
time.  Sometimes  the  lertninal  bud  continues  the  branch,  dte  two 
laleihl  generally  remaining  latent,  as  in  the  HorsacfaesUiut ;  some- 
times the  terminal  one  is  regularly  supprewed,  and  the  lateial 
grow,  when  the  stem  annually  becomes  forked,  as  happens  in  the 
LUac  (Fig.  129). 

151.  The  undeveloped  buds  do  not  necessarily  peridi,  but  ai« 
ready  to  be  called  into  action  in  case  the  others  are  checked. 
When  the  terminal  buda  are  destroyed,  some  of  the  lateral,  that 
would  else  remain  dvrmant,  develope  in  their  stead,  incited  by  the 
abundance  of  oourishment,  which  the  former  would  have  mou^ 
oliaed.  In  this  manner  our  trees  are  sdmi  reclothed  with  verduie, 
after  dieir  tender  foliage  and  bmnchas  have  been  killed  by  a  late 
vernal  frost,  or  other  injury.  The  buds  may  remain  latent  even 
for  jCsrs,  end  become  cc'cred  with  wood.  The  trunk  of  a  tree, 
therefore,  always  contains  an  immense  number ;  some  of  which, 
after  a  long  period,  may  force  their  way  through  the  wood  to  the 
surface,  and  break  forth  into  branches ;  especially  when  the  tree  is 
pollarded,  or  its  leading  bmnches  injured. 

152;.  UrnimteBI  Bidl.  But  many  such  branches  have  an  ai- 
normal  origin,  from  irregular  or  adventilimu  budt,  like  those  pro- 
duced by  roots  under  similar  circumstances  (125).  Such  buds  ore 
still  more  readily  produced  on  woody  stems,  when  surcha^ed 
with  sap,  as  we  constantly  observe  on  pollard  Willows  and  Lorn- 
hardy  Poplars.  Indeed,  in  several  instances,  buds  ore  known  to 
arise  even  from  the  surface  or  margins  of  leaves,  as  in  Bryo- 
phyllum,  which  derives  its  name  from  this  unusual  circumstance  ; 
and  the  gardener  produces  them  from  root-cutiings  or  leaf-cutlii^ 
of  certain  plants,  which  he  propagates  in  this  way.  Adventitious 
buds  originate  in  the  pareochyma,  some  cells  of  which  are  incited 
lo  take  an  independent  development.  In  trees,  they  form  oa  the 
surface  of  the  wood,  at  the  ends  of  the  lines  of  the  silver-grain 
{medullary  rays,  191,  196).  They  are  especially  liable  to  spring 
from  the  new  oellular  tissue  that  forma  at  the  growing  season 
between  the  wood  and  boik  when  the  trunk  is  wounded  or  out  off. 
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Thus  the  predestined  syniinetry  or  the  branches  is  obscured  or 
inteifered  whh  in  Ivro  distinct  wajrs ;  first,  by  the  failure  of  s  part 
of  the  regular  buds  to  deveiope ;  and  secondly,  by  the  irregular  or 
casual  development  of  buds  from  other  parts  than  the  axils  of  the 
leaves :  to  which  we  may  add,  that  great  numbers  of  branches 
perish  and  fall  away  after  they  have  begun  to  grow,  or  have  at- 
tained considerable  size.  There  is  still  another  source  of  irregu- 
larity, namely,  in  the  production  of 

153.  Amtwrr  Bndl.  These  are,  as  it  were,  nwUipliealiona  ot 
the  regular  axillai^  bud,  giving  rise  to  two,  three,  or  more,  instead 
of  one ;  in  some  cases  situated  one  above  another,  in  others  side 
by  aide.  In  the  latter  case,  which  oc- 
cars  occa«onatly  in  the  Hawthorn,  in  cer- 
tain  Willows,  in  the  Maples  (Fig.  132), 
dzc.,  the  axillary  bud  seems  to  divide 
into  three,  or  itself  give  rise  to  a  lateral 
bad  OD  each  side,  as  soon  as  or  before 
it-penetrates  the  bark.  On  some  shoots 
(tf  the  Tartarean  Honeysuckle  as  many 
as  half  a  dozen  buds  are  developed  in- 
dependently in  each  axil,  one  above 
another,  the  lower  being  successively 
the  stronger  and  earlier  produced,  aad 
die  one  Immediately  in  the  axil,  there- 
fore, grows  in  preference ;  but  when 
two  or  more  grow,  superposed  acces- 
sory branches  result.  It  is  much  the 
same  in  Aristolochia  Sipho,  except  that 
Qte  uppermost  bud  is  there  strongest. 
So  it  is  in  the  Butternut  (Fig.  133), 
where  the  true  axillary  bud  is  minute 
and  usually  remains  latent,  while  the 
accessory  ones  are  considerably  remote, 
and  the  uppermost,  which  is  much  the  "*  "* 
strongest,  is  far  out  of  the  axil ;  usually  this  alone  developes,  and 
gives  rise  to  an  extra-axillary  branch. 

154.  The  stems  of  those  Cryptogamous  plants  that  possess  a 
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proper  trunk  (the  Horaetails  or  Scouring  Biuhes  excepted)  do  not 
branch,  by  the  development  of  axillary  or  any  kind  of  lateral  buda 
implanted  on  its  surface  ;  but  they  oRen  fork  at  the  apex,  by  the 
division  of  the  terminal  bud.  Tbeir  ramification,  like  their  whole 
growth,  is  merely  aerogctuna,  or  from  the  apex  (106). 

1&5.  Eienmit  Ud  Deti^neHeil  8kni.  Sometimes  the  pfimair 
axis  is  prolonged  without  interruption,  by  the  continued  evolutkiB 
of  the  terminal  bud,  even  through  the  whole  life  of  a  tree  (onlev 
accidentally  destroyed),  forming  an  undivided  main  trunk,  from 
which  lateral  branches  proceed ;  as  in  moat  Fir-trees.  Such  a 
trunk  is  said  to  be  exatrrtnt.  In  other  cases  the  main  stem  is  n- 
rested,  sooner  or  later,  either  by  flowering,  by  the  failure  of  the 
terminal  bud,  or  the  more  vigorous  development  of  some  of  the 
lateral  buda,  and  thus  the  trunk  is  lost  in  the  branches,  or  is  dei»> 
que*cent,  as  in  most  of  our  deciduous-leaved  trees.  The  first  nafr 
urally  gives  rise  to  conical  or  spire-shaped  trees ;  the  secmd,  to 
rounded  or  spreading  forms.  As  stems  extend  upward  and  evolve 
new  branches,  those  near  the  base,  being  overshadowed,  are  apt 
to  perish,  and  thus  the  trunk  becomes  naked  below.  This  n 
well  seen  in  the  excurrent  tninks  of  Firs  and  Pinos,  which,  whei  ' 
grown  in  forest,  seem  to  hare  been  branchless  for  a  great  height 
But  the  knoO  in  the  centre  of  the  trunk  are  the  bases  of  branches, 
which  have  long  since  perished,  and  have  been  coverod  with  a 
great  number  of  annual  layers  of  wood,  forming  the  dear-stuff'  of 
the  trunk. 

156.  Dennilrand  Isdtflnito  Aiinal  Gnwdi  of  Bmtbn.  In  the  lar- 
ger number  of  our  trees  and  shrubs,  especially  those  with  scaly 
buds,  the  whole  year's  growth  is  either  already  laid  down  rudi- 
mentally  in  the  bud  ( 144),  or  else  is  early  formed  ;  and  the  de- 
velopment is  completed  long  before  the  end  of  summer,  and 
crowned  with  a  vigorous  terminal  bud  (as  in  the  Horaecheatout, 
Fig.  1^,  Magnolia,  Fig.  130,  &c.),  or  with  the  uppermost  axil* 
lary,  as  in  the  Lilac  (Fig.  139).  Such  definite  shoots  do  not  lift 
down  at  all  the  following  winter,  but  grow  on  directly,  the  next 
spring,  from  the  terminal  or  some  of  the  upper  axillary  buds,  which 
are  generally  more  vigorous  than  those  lower  down.  In  others,  on 
the  contrary,  the  branches  grow  onward  indefinitely  through  the 
whole  summer,  or  until  arrested  by  the'cold  of  autumn  :  they  ma- 
lure  no  terminal  or  upper  axillary  buds  ;  or  at  least  the  lower  and 
older  axillary  buds  are  more  vigorous,  and  alone  develope  into 
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^rancbea  the  next  spring ;  the  later-ronned  upper  portion  most 
comraoolf  perishing  from  the  apex  downward  for  a  certam  length 
in  the  winter.  The  Rose  and  Raspberry,  and  among  trees  the  Sc^ 
mac  and  Honey  LqcubI,  are  good  illustrations  of  this  sort ;  which, 
however,  runs  into  the  other  niode  through  various  gradations. 
Perennial  herbs  grow  after  the  latter  mode,  their  stems  dying 
down  to  or  beneath  the  surface  of  the  ground,  where  the  persistent 
base  is  charged  with  vigorous  buds,  well  protected  by  die  ground, 
for  the  nesi  year's  vegetation. 

157.  Pnipt|ltl«  bm  tnh,  Bude,  being,  as  it  were,  new  indi- 
viduals springing  from  the  original  stem,  may  be  removed  and 
attached  to  other  parts  of  the  parent  trunlc,  or  to  that  of  another 
individual  of  the  same,  or  even  of  a  difTerent,  but  nearly  related 
species,  where  they  will  grow  equally  well.  This  is  directly  ao- 
complisbed  in  the  operation  of  buddiiig.  In  ingrafiwg,  the  bud  it 
transferred,  along  with  a  portion  of  the  shoot  on  which  it  grew. 
Moreover,  as  the  cut  end  of  such  shoots,  when  buried  in  moist  and 
warm  soil,  will  commonly,  under  due  care,  send  out  adventitious 
iDOta,  they  may  be  made  to  grow  independently,  drawing  their 
nourishment  immediately  from  the  soil,  instead  of  indirecdy 
through  the  parent  trunk.  This  ia  done  in  the  propagation  of 
plaUa  by  catlings.  The  great  importance  of  these  horticuhural 
operations  rests  chiefly  on  the  well-known  fact,  that  buds  props* 
gate  vtdioidual  peeuliaritiet,  or  varieties  (€68),  which  are  com- 
monly lost  in  raising  plants  from  the  seed. 

Sect.  m.    Tee  Eikds  or  Stem  and  Branches. 

158.  On  the  size  and  duration  of  the  stem  the  oldest  and  most 
obvious  division  of  plants  is  founded,  namely,  into  Herbs,  Shrubs, 
and  Trees. 

159.  Htlta  are  plants  in  which  the  stem  does  not  become  woody 
and  persistent,  hut  dies  annually  or  al\er  flowering,  down  lo  the 
ground  at  least  The  difTereuce  between  annual,  biamialf  and 
parenMial  herba  has  already  been  pointed  out  (127-  130).  The 
tame  species  is  so  often  either  annual  or  biennial,  according  to  cir- 
cumstances or  the  mode  of  management,  that  it  is  convenient  to 
have  a  common  name  for  plants  that  flower  and  fruit  but  once,  at 
whatever  period,  and  then  perish :  such  De  Candolle  accordingly 

*  deKgnated  as  Homocabhc  plants ;  while  lo  perennials,  whether 
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kerbaeeout  or  woody,  la^  or  imall,  be  applied  the  coaDterptut 
name  of  Poltcabpic  plants,  signifying  that  tbey  be&r  fruit  more 
than  once,  or  an  indefinite  number  of  times.  Between  herbs  ami 
shrubs  there  are  the  intermediate  gradations  of 

160.  Uodtnhtnbl,  or  t»ffnu,ieaie  plants,  which  are  woody  plants 
of  humble  stature,  their  stems  rising  little  aboTe  the  surface.  If 
less  decidedly  woody,  they  are  tufruietcent. 

161.  Shllbt  are  woody  plants,  with  stems  braiKhed  from  or 
near  the  ground,  and  less  than  five  times  the  height  of  a  man. 
Between  shrubs  and  trees  there  is  every  intermediate  gradation. 
A  shrub  which  approaches  a  tree  in  size,  or  imitates  it  in  port,  is 
said  to  be  arboreteent. 

162.  Tltet  are  woody  plants  with  single  trunks,  which  attain  at 
least  five  times  the  human  stature. 

163.  i  Calm  is  a  name  applied  to  the  peculiar  jointed  stem  of 
Grasses  and  Sedges,  whether  herbaceous,  as  in  most  Gnwaes,  or 
woody  or  arborescent,  as  in  the  Bamboo. 

164.  A  Canto  is  a  name  usually  applied  to  a  Palm>stem  (Fig. 
166),  to  that  of  a  Tree  Fern  (Fig.  94),  and  to  any  persistent, 
erect,  or  ascending,  root-like  forms  of  main  stems.  It  is  some- 
times  nearly  synonymous  with  the  rhizoma  (174). 

165.  Those  stems  which  are  too  weak  to  stand  upright,  but  re- 
cline on  the  ground,  rising,  however,  towards  the  extremity,  are 
nid  to  be  decumbent :  if  they  rise  obliquely  from  near  the  base, 
they  are  said  to  be  ascending.  When  they  trail  flat  on  the  ground, 
they  are  proeutahent,  prostrate,  or  running ;  and  when  such  stems 
strike  root  from  their  lower  surface,  as  they  are  apt  to  do,  they  are 
said  to  be  creeping,  or  repent, 

166.  They  are  called  Climbers,  when  they  cling  to  neighboring 
otgects  for  support ;  whether  by  tendrils,  as  the  Vine  and  Passion- 
flower, by  their  leafstalks,  as  the  Virgin's  Bower  (Clematis),  or 
by  aerial  rootlets,  aa  the  Poison  Oak  (Rhus)  ;  and  Twiners,  or 
twining  plants,  when  they  rise,  like  the  Convolvulus,  by  coiling 
spirally  around  stems  or  other  bodies  within  their  reach.  Other 
modifications  of  the  stem  or  branches  have  received  particular 
names,  some  of  which  merit  notice  from  having  undoubtedly  sug- 
gested several  important  operations  in  horticulture. 

167.  A  Stolon  is  a  form  of  branch  which  curves  or  fnlts  down  to 
the  ground,  where,  favored  by  shade  and  moisture,  it  strikes  root, 
and  then  forms  an  ascending  stem,  which  is  thus  capable  of  draw- 
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ing  its  nouruhment  directly  from  the  soil.  The  portioa  which 
connects  it  with  the  parent  stem  at  length  perishing,  the  new  iadi* 
vidual  acquires  an  entirely  separate  existence.  The  Currant, 
Gooaeberry,  &,c.,  multiply  in  this  way,  and  doubtless  suggested  to 
the  gardener  the  operation  of  layering ;  in  which  he  not  only  takes 
advantage  of  and  accelerates  the  attempts  of  nature,  but  incites 
tbeir  production  in  species  which  do  not  ordinarily  multiply  in  this 
manner.  Plants  which  spread  or  multiply  by  this  natural  layering 
aie  said  to  be  ttoloniferotu. 

168.  1  Socka  is  a  branch  of  subterranean  origin,  which,  aAer 
mnning  horizontally  and  emitting  roots  in  its  course,  at  length, 
following  its  natural  tendency,  rises  out  of  the  ground  and  forma 
an  erect  stem,  which  soon  becomes  an  independent  plant.  The 
Rose,  the  Raspberry,  and  the  Mint  aSbrd  familiar  illustrations, 
as  well  as  many  other  species  which  shoot  up  stems  "  from  the 
root,"  as  is  generally  thought,  but  really  from  subterranean 
branches.  Cutting  ofT  the  connection  with  the  original  root,  the 
gardener  propagates  such  plants  hy 

divitWH.      Plants   which    produce 
ouckeis  are  said  to  be  nirevlote. 

169.  A  buiff,  of  which  the 
Strawberry  fumishea  the  most  fa- 
miliar example,  is  a  prostrate,  slen- 
der branch,  sent  off  from  the  base 
of  the  paient  stem,  which  strikes 
root  at  its  apex,  and  produces  a 
tuA  of  leaves  ;  thus  giving  rise  to 
an  independent  plant  capable  of  ex- 
tending itself  in  the  same  manner. 
Branches  of  this  sort  are  termed 
/ogellifont. 

170.  il  OQbI  is  a  similar,  but 
short,  prostrate  branch,  with  a  tuft 
of  leaves  at  the  end,  which,  resting 
on  the  ground,  there  takes  root,  and 
at  length  becomes  independent ;  as 
in  the  Hotiseleek. 

171.  A  Tendril  is  commonly  a  thread-like,  leafless  branch,  capa- 

no.  IM.    EDd<>r**luMiifihaOnpi-rti»,diowlofitat«id(U). 
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We  of  coiling  •pirally,  by  which  climbing  planb  mttach  tbenwelTe* 
toaurTOundiDgbodieajaaintheGrape-vine  (Fig.  134).  Butaome- 
timea  teodrila  belong  to  tbe  leavea,  aa  ia  the  Pea  ;  when  they  are 
aleoder  pralongatioDs  o(  tbe  leafstalk.  Sterne  or  stalks  which 
bear  tendrils  are  eirrhate  or  eirrhiferoHt. 

172.  A  8piH  VI  nan  is  ao  imperfectly  dereloped,  indurated, 
lea&ess  branch  of  a  woody  plant,  attenuated  to  a  point.  Their 
nature  ia  manifest  in  the  Hawthorn  (Fig.  136),  not  only  by  their 
position  in  the  axil  of  a  leaf,  but  often  by  their  bearing  imperfect 

m  leaves  themselves.  In  the 
Sloe,  Pear,  &c.,  many  of  tbe 
feebler  branches  become  *pi^ 
note  or  tpinetcent  at  tbe  apex, 
tapering  off  gradually  into  a 
rigid,  leafless  point.  These 
are  less  liable  to  appear  on 
the  cultivated  tree,  when  duty 
cared  for,  such  braochea  be- 
ing thrown  into  more  vigor* 
oua  growth.  In  the  Haw- 
thorn, the  spioes  spring  from 
(bis  peculiar  growth  of  tbe 
main  axillary  hud,  but  it  bean 
an  accessory  hud  (1&3)  oa 
each  side,  one  or  the  other 
of  which  grows  into  an  ordi- 
nary branch.  In  the  Honey 
liocuat,  it  is  the  uppermost  of 
several  acoesaory  buds,  placed 
far  above  the  axil,  that  de- 
velopes  into  the  thorn  (Pig. 
'"  135).     In  this  tree  the  spine 

itself  branches,  and  sometimes  becomes  extremely  compound. 

Sometimes  the  stipules  of  the  leaves  develope  into  spines,  aa  in  the 

Prickly  Ash. 

173.  TIm  Sabttmneu  ModUStaUoU  of  Am  81em  are  scarcely  leas 


BruKhlng  ttum 


r  Locun  (Oledluchls), 


of  th*  CiKkipur  Tlum,  daral 


id  Inhulk  balDv. 


«1  or  l!u»  ailUur  bull ; 
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DamerouB  and  diverae  ttum  (he  aerial ;  but  they  may  all  be  reduced 
to  a  few  principal  types.  They  are  perrectly  diatiDguiahable  froin 
roots  by  producing  regular  buds ;  or  by  being  marked  with  scars, 
which  indicate  the  former  insertioD  of  leaves,  or  furnished  with 
scales,  which  are  the  rudiments  or  vestiges  of  leaves.  All  the 
metdy  root*  of  the  older  botanists  are  therefore  forms  of  the  stem  or 
branches,  with  which  they  accord  in  every  essential  respect ;  they 
grow,  also,  in  the  opposite  direction  from  roots.  So,  likewise,  what 
were  called  (as  they  are  still  popularly  considered)  creeping  rooU 
are  really  subterranean  branches  ;  such  as  those  of  the  Mint,  and 
of  most  Sedges  and  Grasses.  Some  of  these,  such  as  the  Carez 
aienaria  (Pig.  137)  of  Europe,  render  important  service  In  binding 


(he  shifting  sands  of  the  sea-shore.  Others,  like  the  Couch-Grass, 
are  oflen  very  troublesome  to  the  agriculturist,  who  finds  it  next  to 
impossible  to  destroy  them  by  the  ordinary  operations  of  husbandry ; 
for,  being  furnished  with  buds  and  roots  at  every  node,  which  are 
ejttremely  tenacious  of  life,  when  torn  in  pieces  by  the  plough, 
each  fragment  is  only  placed  in  the  more  favorable  condition  for 
becoming  an  independent  plant.  The  Nut-Grass  (Cyperus  Hydra), 
an  equally  troublesome  pest  to  the  planters  of  Carolina  and  Geor- 
gia, is  similarly  constituted  ;  and  besides,  ihe  interminable  subter- 
ranean branches  bear  tubers,  or  reservoirs  of  nutritive  matter,  in 


■1  naUi  of  iIh  jmi  bafcn ;  ud  bgymd  an  iha  k 
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their  course,  which  have  still  greater  powers  of  vitality,  as  tbey 
coDtaio  a  copious  store  of  food  for  the  deTelopnnent  of  the  bacb 
they  bear.     The  name  of 

174.  IMlomi  or  KSfltotMk  ia  applied  in  a  general  way  to  all 
these  perennial,  horizontally  elongated,  and  more  or  leaa  3ubtena> 
Dean  root-like  forms  of  the  atem ;  luid  more  particularly  to  those 
which  are  thickened  by  the  accumulatioo  of  nolritive  matter  in 
their  tissue  (chiefly  in  the  form  of  starch,  81),  auch  as  die  so- 
called  roots  of  Ginger,  of  the  Iris  or  Plower-de-luce,  of  the  Gala- 
mus  or  Sweet  Flag,  and  of  the  Blood-root,  They  grow  alter  the 
manner  of  ordinary  stems,  advancing  from  year  to  year  by  the  an- 
nual development  of  a  bud  at  the  apex,  and  emitting  roots  from  th« 
under  side  of  the  whole  surface ;  thus  established,  the  most  ancient 
portions  die  and  decay,  as  corresponding  additions  are  made  to  the 
opposite  growing  extremity.  Each  year's  growth  is  marked  in  the 
rootslock  of  the  Iris,  &.C.,  by  a  set  of  annular  teaf-scars,  left  by  the 
decay  of  the  foliage  of  that  year.  In  the  Solomon's  Se^  end  the 
Diphyllcia  (Fig.  138)  it  is  more  indelibly  recorded  by  the  series  of 
broad  and  rounded  scars  on  the  upper  surface,  not  unlike  the  im- 
pression of  a  seal  (whence  the  popular  name  of  Solomon's  Seal), 
which  is  led  by  the  separation  in  autumn  of  the  herbaceous  stalk 
of  the  season.  The  rootslock  of  Diphylleia  is  merely  a  string  of 
such  thickened  and  extremely  abbreviated  axes,  formed  by  the 
annual  development  of  a  bud  which,  without  elongation,  sends  up 
at  once  the  single  herbaceous  stalk  that  bears  the  foliage  and  flow- 
ers. In  our  common  Dentaria  or  Toothwort,  and  in  Hydrophyllum, 
the  base  of  this  annual  stalk  or  of  the  leafstalks  partakes  in  the 
thickening  and  persists  as  a  part  of  the  rhizoma,  in  the  form  of 
fleshy  scales  or  looth-shoped  processes.  In  other  scaly  roolstocks, 
these  persistent  bases  of  the  leaves  are  thin,  and  more  like  bud- 
scales,  and  slowly  decay  atier  a  yeai*  or  two.  All  such  markings 
are  vestiges  of  leaves,  &c.,  and  indicate  the  nodes :  they  show 
that  the  body  that  bears  them  belongs  to  the  stem ;  not  to  the  root, 
which  is  wholly  leafless.  Rootatocks  branch,  like  other  stems,  by 
the  development  of  lateral  buds  from  the  axils  of  their  scales  or 
leaves.  Thickened  roolstocks  serve  as  a  reservoir  of  nourishing 
matter,  for  the  maintenance  of  the  annual  growth.  In  the  same 
manner  as  thickened  roots  (128).  When  such  subterianean  stems 
are  thickened  interruptedly,  they  produce 

175.  1  Tuba.    This  is  usually  formed  by  the  enlai^meot  of 
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the  apex,  or  growing  bud,  of  a  aubtemLneitn  branch,  the  elongation 
of  which  is  arrested,  and  the  whole  exceamvely  thickened,  by  the 
deposition  of  starch,  tun.  in  its  tissue.  This  accumulation  eeires 
for  the  nourishment  of  the  buds  (eyes)  which  it  inrolves,  when 
tbey  develope  the  following  year.  The  common  Potato  offers  the 
most  familiar  example  ;  and  it  is  very  evident  on  inspection  of  the 
growiog  plant,  that  the  tubers  belong  to  branches,  and  not  to  the 
roots.  The  nature  of  the  Potato  is  also  well  shown  by  an  acci- 
dental case  (Fig.  140),  in  which  some  of  the  buds  or  branches 
above  ground  showed  a  strong  tendency  to  develope  in  the  form  of 
tubers.  By  heaping  the  soil  around  the  stems,  the  number  of  tu* 
beriferous  branches  is  increased.  The  Jerusalem  Artichoke  aSbrds 
a  good  illustration  of  the  tuber  (Fig.  139).  A  tuber  of  a  rounded 
form,  and  with  few  buds,  is  nearly  the  same  as 


176-  A  Conn  (Cormtw),  or  Solid  Bulb.  This  is  a  fleshy  sub- 
terranean stem,  of  a  round  or  oval  figure  and  a  uniform,  com- 
pact texture;  as  in  the  Aruih  triphyllum  or  Indian  Turnip  (Fig. 
144),  the  Colchicum,  the  Crocus  (Fig.  148),  the  Cyclamen,*  &c. 


'  '  Tbe  bro&d  uid  ficUened  oorm  of  Cj'clMnen  ariiei  from  the  dilMalion  oT 
Iha  fint  iDtemode  of  the  item,  that  which  preSxuta  io  the  embryo  below  (he 
coijledons  or  Ked-IeareB.  In  man;  plonta,  this  iatemode,  or  that  immedi- 
•telj  above  (he  co^Iedons,  enlarge!  with  the  root.     This  ocean  in  the  Tor- 

Pja.  139.  BugorthensmofllHlsnualHDArtle1uiluCHellKithaitiibgn»(],  ibDwIatllM 
mtoR  of  Iha  lobKi. 

FIO.  m.  A  momtTinu  bnncb  or  tod  of  Ihg  Potato,  •bowliif  a  Imultloo  to  Uw  luber. 
(TmitbaOi 
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It  may  be  compsred  to  the  globular  Btem  of  a  Melon-Cactus,  like 
which  it  has  do  power  of  eloogatioa ;  or  it  may  be  viewed  as  a 
tuber  or  rhizorna  reduced  to  the  greatest  simplicity,  developiDg  one 
or  more  buds  from  its  summit,  and  emitting  roots  from  its  base. 
Corms  are  often  termed  tolid  bulbi ;  and,  indeed,  they  are  mly  a 
kind  of  bulb  with  the  axis  more  enlarged,  and  the  investing  scales 
either  wholly  wanting,  as  in  the  Indian  Turnip  (Pig.  144),  or  very 
few,  forming  a  thiu  coating,  aa  in  the  Colchicum  aod  Crocus. 


ITT.  i  Bllb  is  a  permanently  abbreviated  stem,  mostly  shorter 
than  broad,  and  clothed  with  scales,  which  are  imperfect  and  altered 
leaves,  or  the  thickened  and  persistent  bases  of  ordinary  leaves. 
Or,  in  other  words,  it  is  a  scaly  and  usually  subterranean  bud,  with 
thickened  scales,  and  a  depressed  axis  which  never  elongates.  Its 
centre  or  apes  developes  above  the  herbaceous  stalk,  foliage,  and 
flowers  of  the  season,  and  beneath  it  emits  roots.  In  the  bulb,  the 
thickening  by  the  deposition  of  nutritive  matter  stored  for  future 
use  takes  place  in  the  leaves  or  scales  it  bears,  instead  of  the  stem 
itself,  as  in  the  preceding  forma.  The  scales  are  sometimes  sepa- 
rate, thick,  and  in  several  distinct  rows,  as  in  the  lealy  huih  of  the 
Lily  (Fig.  141} ;  sometimes  broad  and  encircling  each  other  in 
concentric  layers,  as  in  the  tuntcaled  bulb  of  the  Onion  (Fig.  145). 

nip,  BAdisfa,  Be«t,  &«. ;  whsra  the  not  tho*  produced,  or  at  leut  the  npper  put 
of  it,  preMStt  the  ttnictiiis  of  tbe  stem. 
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178.  BllUcIl  are  small  aerial  bulbe,  or  buds  with  fleshy  scales, 
which  arise  io  the  azila  of  the  leaves  of  several  plants,  such  as  the 
coninioo  Lillum  bulbiferam  of  the  gardens  (Fig.  143),  and  at 
length  separate  spontaneously,  falling  to  the  ground,  where  they 
strike  root,  and  grow  as  independent  plants.  In  the  Onion,  and 
other  species  of  Allium,  the  flower-buds  frequently  change  to 
bulblets.    They  plainly  show  the  identity  of  bulbs  with  buds. 


179.  The  regular  plan  of  increase  and  remificatioii  already  de- 
scribed prevails  in  these  extraordinary,  no  less  than  in  the  ordi- 
nary, forms  of  the  stem.  They  grow  and  branch,  or  multiply,  by 
the  development  of  terminal  and  axillary  buds.  This  is  perfectly 
evident  in  the  rhlzoma  and  tuber,  and  is  equally  the  case  in  the 
corm  and  bulb.  The  stem  of  the  bulb  is  usually  reduced  to  a  mere 
plateau  (Fig.  146,  a),  which  produces  roots  from  its  lower  surface, 
and  leaves  (the  exterior  of  which  are  reduced  to  scales)  from  the 
upper  surface.  Besides  the  terminal  bud  (c),  which  usually  forms 
the  flower.stem,  lateral  buds  (b)  may  be  produced  in  the  axils  of 
the  leaves  or  scales.  One  or  more  of  these  may  develope  as  flow- 
ering stems  the  next  season,  and  thus  the  same  bulb  survive  and 
blossom  from  year  to  year  (as  is  the  case  with  the  Tulip,  Hya- 


FIO.  147.    Bulb  sniKOwtlc,  with  icnp  or  jDiinjbulba. 
FtO.  14S.    V*rtlc*liBtkini>ri)HCORnDfCnirua:  a.ngirliodt 
FIO.  M9.    TitUciJ  ncUoD  of  iIm  conn  at  CoLchlcain,  wilta  llw  itlUHnd  a 
lac  (1),  and  the  fbnolnf  ooi  (e)  Ibi  Iba  aualof  jaai. 
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ciDth,  &c.) ;  or  these  axillary  buda  may  ihemsetves  become  balfaa, 
feeding  on  the  parent  bulb,  which  in  this  way  is  often  ooneumed  b^ 
itM  own  oSspring,  as  in  the  Garlic  (Fig.  147) ;  or,  finally  separat- 
ing from  the  living  parent,  just  aa  the  bulblets  of  the  Tiger  Lily 
fall  from  the  stem,  they  may  form  so  many  indepeadent  individ- 
uals. So  the  old  corm  of  the  Crocus  (Fig.  148)  produces  one  or 
two  new  ones  (a)  near  the  apex,  and  gradually  dies  as  they  devel- 
ope.  That  of  the  Colchicum  produces  a  new  bud  near  the  base  of 
the  old,  upon  which  it  feeds,  and  is  in  turn  destroyed  by  its  own 
progeny  the  next  year ;  so  that  we  observe  ( Fig.  149),  a,  the  shriv- 
elled corm  of  the  year  preceding  ;  b,  that  of  the  present  season  (a 
vertical  section)  ;  and  c,  the  nascent  bud  for  the  ensuing  season. 

160.  Many  of  the  forms  which  the  stem  assumes  when  above 
ground  difier  as  much  from  the  ordinary  appearance  as  do  any  of 
these  subterranean  kinds ;  as,  for  example,  the  globular  Melon- 
Cactus,  the  columnar  Cereus,  and  the  jointed  Opuntia  or  Prickly 
Fear. 

Sbct.  IV.    The  Intssnal  Stbucthbb  of  the  Stem  in  Genebal. 

181.  Having  considered  the  various  external  forma  end  appear- 
ances which  the  stem  exhibits,  and  its  mode  of  increase  in  length, 
our  attention  may  now  be  directed  to  its  interna)  structure,  and 
mode  of  increase  in  diameter. 

18if.  The  stem  embmoes  in  its  composition  the  various  forms  of 
elementary  tissue  that  have  already  been  described  (Chap.  I.,  Sect 
II.,  111.)  ;  namely,  ordinary  cells,  woody  fibre,  and  vessels.  At 
first,  indeed,  it  consists  entirely  of  parenchyma  (51),  which  pos- 
sesses much  less  strength  and  tenacity  than  woody  tissue,  and  is 
dierefore  inadequate  to  the  purposes  for  which  the  stem,  in  all  the 
higher  plants,  is  destined.  The  stem  of  a  Moss  or  a  Liverwort  is. 
In  fact,  composed  of  ordinary  cellular  tissue  alone ;  and  Is  there- 
fore weak  and  brittle,  well  enough  adapted  to  the  humble  size  of 
that  tribe  of  plants,  but  incapable  of  attaining  any  considerable 
height  Accordingly,  as  soon  as  the  stems  of  all  the  Phsen<^- 
mous  plants  begin  to  grow,  and  in  proportion  as  the  leaves  are  de- 
veloped, woody  mingled  with  vascular  tissue  is  introduced,  to 
afford  the  requisite  toughness  and  strength,  and  to  facilitate  the 
rise  of  the  ascending  sap.  If  it  accumulates  only  to  moderate 
extent  in  proportion  to  the  parenchyma,  the  stem  remains  Herba- 
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eemu  (159) ;  if  it  pTedomioales  and  cootiDuei  to  accumulate  from 
jear  to  year,  tlie  pro|>er  woody  trunk  of  a  shrub  or  tree  is  formed. 
Tliat  the  woody  and  vascular  tissues  arise  from  cells,  which  from 
an  early  period  lake  a  peculiar  development,  has  already  been 
8bowD(Ki-61). 

183.  The  cellular  part  of  the  stem  groin  with  equal  readiness, 
in  whatever  direction  the  forces  of  vegetation  act.  It  grovrs  verti- 
cally, to  increase  the  stem  in  length,  and  horizontally,  to  increase 
its  diameter.  Into  this  the  elongated  cells  that  form  the  woody 
tissue  and  ducts  are  introduced  vertically ;  they  run  lengthwise 
through  the  stem  and  hnmches.  Hence,  the  latter  has  been  called 
the  longitwiinait  vertical,  or  perpendicular  syitem  (56,  64) ;  sad 
the  cellular  part,  the  horixontat  eystem  of  the  stem.  Or  the  stem 
may  be  compared  to  a  web  of  cloth  ;  the  cellular  system  forming 
the  woof,  and  the  woody,  the  tearp. 

164.  The  diversities  in  the  internal  stnicture  of  the  stem  are 
principally  owing  to  the  difierent  modes  in  which  the  woody  or 
vertical  system  is  imbedded  in  the  cellular.  These  diversities  are 
reducible  to  two  general  plans ;  upon  one  or  the  other  of  which 
the  stems  of  all  Flowering  Plants  are  constructed.  Not  only  is  the 
diference  in  structure  quite  striking,  especially  in  all  stems  more 
than  a  year  old,  but  it  is  manifested  in  the  whole  vegetation  of  the 
two  kinds  of  plants,  and  indicates  the  division  of  Phtenogamous 
plants  into  two  great  classes,  recognizable  by  every  eye ;  which, 
in  their  fully  developed  forms,  may  be  represented,  one  by  the 
Oak  and  the  other  tfees  of  our  climate,  the  other  by  the  Palm 
(Fig.  166). 

185.  ITie  difference  between  the  two,  as  to  the  structure  of  their 
stems,  is  briefly  and  simply  this.  In  the  first,  the  woody  system  is 
deposited  in  annual  concentric  layer*  between  a  central  pith  and 
an  exterior  hark  ;  so  that  a  cross-section  presents  a  series  of  rings 
or  circles  of  wood,  surrounding  each  other  and  a  distinct  pith,  and 
all  surrounded  by  a  separable  bark.  This  is  the  plan,  not  only  of 
the  Oak,  but  of  all  the  trees  and  shrubs  of  the  colder  climates. 
In  the  second,  the  woody,  system  is  not  disposed  in  layers,  but  con- 
rists  of  separate  bundles  or  threads  of  woody  fibre,  &.C.,  running 
through  the  cellular  system  without  apparent  order ;  and  present* 
ing  on  the  cross-section  a  view  of  the  divided  ends  of  these  threads 
in  the  form  of  dots,  diffused  through  the  whole ;  but  with  no  dis- 
tinct pith,  and  no  bark  which  is  at  any  time  readily  separable 
10» 
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from  the  wood.    The  appeannce  of  mkJi 
B  ateiDi  both  oo  the  longitwliDat  and  tbe 
crosa-sectioo,  isskowninPig.  150;  it  nwy   i 
also  be  ezamioed  in  the  Cane  or  Rattan,  j 
the   Bamboo,  and  in  the  annual  stalk  of  I 
Indian  Com  or  of  Aaparagua.     Tbat  of  J 
ordinary  wood  of  the  first  sort  is  too  famil- 
iar to  need  a  pictorial  illustration. 

186.  EiQUiHii  BbiCbn.  The  stem,  in  the  first  case,  increases 
in  diameter  by  the  annual  formation  of  a  itew  layer  of  wood,  which 
»  deposited  between  the  preceding  layer  and  the  bark ;  in  other 
words,  the  wood  increases  by  SDOtial  additk»i3  to  its  outside. 
Hence,  such  stems  are  said  to  have  the  Bxooenodb  structura ; 
and  the  plants  whose  stems  grow  in  this  way  are  called  Ezoai- 
Nous  Plants,  or  briefly  Ezogbns  ;  that  is,  as  the  term  literally 
signifies,  ouUide-growtrt. 

187.  EodagnUOl  StrnetOn.  in  the  second  case  the  new  woody 
matter  is  intermingled  with  the  old,  or  deposited  towards  the  cen- 
tre, which  becomes  more  and  more  occupied  with  (he  woody 
threads  as  the  stem  grows  older;  and  increase  in  diameter,  so  lar 
as  it  depends  on  the  formation  of  new  wood,  generally  takes 
place  by  the  gradual  distention  of  the  whole,  the  new  wood  push- 
ing the  old  outwards.  Accordingly,  these  stems  are  said  to  ex- 
hibit the  Endogenous  structure  or  growth ;  and  such  plants  are 
called  CNimGENoua  Plants,  or  Ehdogens  ;  literally,  iruide- 
growers. 

166.  The  two  great  classes  of  Phsnogamous  plants,  indicated 
by  this  diSerence  in  the  stem,  are  distinguishable  even  in  the  em- 
bryo state,  by  differences  quite  as  marked  as  those  which  prevail 
in  their  whole  port  and  aspect.  The  embryo  of  all  plants  that 
have  endogenous  stems  bears  only  a  single  cotyledon,  and  there- 
fore sends  up  but  one  seed-leaf  in  germination ;  hence,  Endogens 
are  also  called  MoNocoTTLEDonotrs  Plants.  The  embryo  of 
plants  with  exogenous  stems  bears  a  pair  of  cotyledons  and  un- 
folds a  pair  of  seed-leaves  in  germination  (Fig.  106-107) ;  hence, 
Exogena  are  likewise  called  Dicottledonods  Plants. 

FIG.  10).    Secikn  (kniliiKllMl  ud 
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Sect.  V.    The  Ezooekoits  ob  Dicottleoomods  Stex. 

189.  Since  the  Eiogenous  claaa  is  by  far  the  larger  in  every 
pan  of  the  world,  uid  emhmoes  all  the  trees  and  ebruba  with 
which  we  are  familiar  in  the  cooler  clioiates,  the  structure  of  this 
kind  of  stem  demands  the  earlier  and  more  detailed  notice.  To 
obtain  a  true  and  clear  idea  of  its  internal  structure,  we  should 
commence  at  its  origin  and  follow  the  course  of  development 

190.  In  the  embryo  state,  or  at  least  at  some  period  antecedent 
lo  germination,  the  rudimentary  stem  Is  entirely  composed  of  pa- 
reqchyma.  But  as  soon  as  it  begins  lo  grow,  while  the  cotyledons 
only  ar«  developing  (aa  in  Fig.  106,  107),  some  of  the  cells  begm 
to  lengthen  into  tubes,  to  be  mailed  with  transverse  bars  or  spiral 
lines,  and  tiius  give  rise  to  ducU  or  vetseU  (57  -  60) ;  these  are 
grouped  as  they  form  into  a  small  and  definite  number  of  bundles 
or  threads,  say  four  equidistant  ones  in  the  first  instance,  as  in  the 
Su^r  Maple :  other  slender  cells  of  smaller  calibre,  and  destitute 
of  markings,  soMi  appear,  surronnding  the  threads  of  vessels,  and 
forming  the  earliest  woody  tissue.  As  the  rudiments  of  the  next 
iDlernode  and  its  leaves  appear,  two  or  four  additional  threads  of 
vascular  tissue  appear,  in  the  stem  below,  in  the  parenchyma  be- 
tween  the  earliest  ones,  and  equally  surrounded  with  forming 
woody  tissue.  At  an  early  stage,  therefore,  the  developing  stem 
is  seen  to  be  tmversed  by  several  bundles  of  woody  tissue  with 
some  vessels  imbedded ;  and  these,  as  they  increase  and  enlarge, 
run  together  so  as  to  make  up  a  woody  sheath,  or,  as  seen  in  the 
cross-section,  a  ring,  inclosing  the  central  part  of  the  parenchyma 
within  it,  and  itself  inclosed  by  the  external  parenchyma.  Thna 
a  circle  or  layer  of  wood  is  fornied,  which  is  in  such  a  way  im- 
bedded in  the  original  homogeneous  cellular  system  as  to  divide  it 
into  two  parts ;  namely,  a  ce|iiml  portion,  which  forms  the  pith, 
and  an  eMerior  xone,  which  belongs  to  the  bark.  The  whole  is  of 
coarse  invested  by  the  skin  or  epidermis,  which  covers  the  entire 
BDrface  of  the  plant  TTie  way  in  which  the  layer  of  wood  thus 
originates  is  somewhat  rudely  illustrated  by  the  annexed  diagrams 
(Fig.  151—  153).  The  several  woody  masses,  especially  in  trees 
and  shrubs,  are  separated  from  each  other  by  lines  or  bands  of  the 
original  cellular  tissue,  which  pass  from  the  pith  to  the  bark,  and 
which  necessarily  become  narrower  and  more  numerous  as  the 
woody  bundles  or  wedges  increase  in  size  and  number.  These 
are  the 
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191.  ledalluy  itjl,  which  form  the  radiating  lioM  that  the 
cross-section  of  raoat  exogenoua  wood  so  plaiDly  exhibits,  espe- 
dally  that  of  the  Oak,  Plane,  &c.  They  are  the  remains  of  the 
cellular  syslem  of  that  part  of  the  Btem,  condeoBed  by  the  pressure 
of  the  woody  wedges,  or  plates,  and  which  servo  to  keep  up  tho 
CommuDicatioD  between  the  pith  and  the  bark. 


192.  The  Pint  TtBT'l  Growtll  of  an  exogenous  stem  accordingly 
consists  of  three  principal  parts  ;  namely,  Ist,  a  central  cellular 
portion,  or  Fith ;  2d,  a  zone  of  Wood ;  and  3d,  an  exterior  cellu- 
lar portion,  or  Bark.  Fig.  154  represents  a  section  of  a  woody 
exogenous  stem,  a  year  old,  of  the  natural  size.  Pig.  1&5  shows 
a  portion  of  the  slime,  magnified,  so  that  the  different  parts  may 
be  distinguished,  both  on  the  longitudinal  and  transverse  section: 
and  Pig.  156  is  a  much  more  magnified  view  of  a  slice  of  the 
same,  reaching  from  the  bark  to  the  pith. 

193.  The  Pilh  (Fig.  155,  156,  a)  consists  entirely  of  sofl  cellu- 
lar tissue,  or  parenchyma  (51),  which  is  at  first  gorged  with  the 
nourishing  juices  of  the  plant  These  are  in  time  exhausted,  leav- 
ing the  older  pith  dry  and  light,  or  mere  empty  cells,  which  are  of 
DO  further  use  to  the  plant.  Many  stems  expand  so  rapidly  in  di- 
ameter during  their  early  growth,  that  they  become  hollow,  tbs 
pith  being  torn  away  by  the  disleution,  its  remains  forming  a  mere 
lining  to  the  cavity,  as  in  Grasses  and  other  herbs  ;  or  else  it  is  sep- 
arated into  horizontal  plates,  as  in  the  Poke  (Phytolacca)  and  the 
Walnut.     Immediately  surrounding  the  pith,  and  the  very  earliest 
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part  of  the  longitudinal  syBtem  to  appear,  is  what  is  called  by  the 
■uperfluous  name  of 

194.  The  ledlUti;  Sheclh.  This  consists  merely  of  the  eartiett 
fiwmed  vewels,  already  spoken  of  (190),  and  which  of  course  stand 
in  a  circle  immediately  surrounding  the  pith ;  but  they  are  seldom, 
if  ever,  so  numerous  as  to  form  a  closed  layer,  or  sheath  for  the  pith. 
More  commonly  they  appear  as  a  few  bundles,  one  el  the  inner 
border  of  each  of  the  lai^r  and  earlier  woody  wedges.  They 
are  mostly  of  the  kind  named  spiral  vessels  (60),  and  it  is  remark- 
able that  this  is  the 

only    part    of    an  /^A, 

exogenous  stem  in  HH 

which    spiral    ves-  ^fl 

seU  ordinarily  oc- 
cur. They  may  be 
detected  by  break- 
ing a  woody  twig 
in  two,  af^er  divid- 
ing the  bark  and 
most  of  the  wood 
by  a  circular  incis- 
ion, and  then  pull- 
ing the  ends  gen- 
tly asunder,  when 
their  spirally  coiled 
fibres  are  readi- 
ly drawn  out  as 
gossamer  threads. 
They  are  shown  in 
place  in  the  ver- 
tical section.  Fig.  ■ 
156,  b.  " 

195.  Hi  Vwd  (Fig.  156,  c)  consists  of  proper  woody  tissue, 

no.  IM  Lroiludlul  ud  innnvH  ncllwi  of  ■  lUn  nf  tba  8dR  Mapl*  lAat  ^^of 
pum)  il  iha  cUw  a(  Ihi  firm  jtii-i  groolh ;  af  iba  niluiaJ  tlu. 

no,  15S.  Pnnion  of  [he  bkh,  iBwit<l*d,  ihowinj  Iha  mIIhIu  pllh,  mrroimded  bjr  Iha 
mod,  Md  thu  IneloMl  bj  ibe  bufc. 

FIO.  150.  HonmfallMritMDrita  amg,  muMng  Ihim  the  back  to  thnpllh:  a,  put  of 
IkapHli;  t,  vt^lxif  llHioalulUrj  ■haub;  c,  IlM  •rood;  dif.  dntud  dueli  In  Iht  modr  a, 
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among  which  the  vascular  wmore  or  less  copiously  mingled,  pria- 
cipally  in  the  form  of  dotted  ducts  (d),  or  occasionally  some  spiral 
or  annular  ducts  (e),  &c.  The  dotted  ducts  are  or  so  consider- 
able calibre,  that  they  are  conspicuous  to  the  naked  eye  in  many 
ordinary  kinds  of  wood,  especially  where  they  are  accumulated  in 
the  inner  portion  of  each  layer,  as  in  the  Chesmut  and  Oak.  In 
the  Maple,  Plane,  &-c.,  they  are  nearly  equably  scattered  through 
the  annual  layer,  and  are  of  a  size  so  small  that  they  are  not  dis- 
tinguishable by  the  naked  eye. 

196.  The  vertical  section  in  Pig.  156  passes  directly  through 
the  middle  of  one  of  the  woody  plates  that  collectively  compose 
the  layer ;  and  therefore  the  medullary  rays  do  not  appear.  But 
in  the  much  more  magnified  Fig.  157,  the  section  is  made  so  as  to 
show  the  surface  of  one  of  these  pleles,  and  one  of  the  MEnnLi^BT 
Rats  passing  horizontally  across  it,  connecling  the  pith  (p)  with 
the  bark  (i).  These  medullary  rays  form  the  silver-grain,  (as  it 
is  termed,)  which  is  so  conspicuous  in  the  Maple,  White  Oak,  Red 
Oak,  ^.c,  and  which  gives  the  gUmraering  lustre  to  many  kinds  of 
wood  when  cut  in  this  particular  direction.  But  a  section  made  as 
a  tangent  to  the  circumference,  and  therefore  perpendicular  to  the 
medullary  rays,  brings  their  ends  to  view,  as  in  Fig.  158 ;  much 


as  they  appear  when  seen  on  the  surface  of  a  piece  of  wood  from 
which  the  bark  is  stripped.  They  are  evidently  composed  of  con- 
densed parenchyma  merely,  and  their  origin  has  already  been  ex- 
plained (191).    They  represent  the  horizontal  system  of  the  wood, 

FIG.  157,    TaniulnetloDtlimuflilba  wood  frfi  branch  afibi  Maple,  a^aviM;  MUU 
■bow  DD6  of  thii  rnadulUrj  rmr'p  pu 
Aad.    Bat  i  aKtloo  can  asldom  ba  mada  ao  aa  lo  aluw  a 
mod,  ai  In  Ihl*  InKaoca. 

FIG.  lea.    A  THtKal  seclioa  acna*  Iba  adda  of  Um  m 
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or  the  woof,  into  whicb  the  vertical  ^oody  fibre,  &c.,  or  «arp,  is 
interwoTen.  The  inspecdon  of  a  piece  of  oak  or  maple  wood  at 
(»ce  sbowa  Ibe  pertineocy  of  this  illustration. 

197.  Tkl  BtA,  in  a  stem  ofa  year  old,  must  next  be  more  atten- 
tivflly  considered.  At  first  it  consisted  of  simple  cellular  tissue,  or 
parenchyma,  undisting:uisbable  from  that  of  the  pith,  except  that 
it  assumed  a  green  color  when  exposed  to  the  light,  from  tlie  pro- 
duction of  chlorophyll  (87)  in  its  superficial  cells.  But  during  the 
formation  of  the  proper  wood,  an  analogous  formation  occure  in 
tbe  bark.  The  inner  portion,  next  the  wood,  has  woody  tissue 
formed  in  it,  and  becomes 

198.  ne  Ubcr,  or  Fibrous  Inner  Bark  (Fig.  156,  /).  These 
fibre-like  cells,  which  give  to  the  inner  bark  of  those  plants  that 
lai^Iy  contain  them  its  principal  strength  and  toughness,  are  of 
the  kind  already  described  under  the  name  of  batt-cells  or  batt- 
titwue  (55).  They  are  remarkable  for  their  length,  flexibility,  and 
the  great  tbkkness  of  their  wells.  They  are  deposited  as  detached 
bundles,  or  in  bands  separated  by  extensions  of  tbe  medullary 
rays,  one  accordingly  corresponding  to  each  of  the  woody  plates 
or  wedges,  or  sometimes  (as  in  Negundo,  Fig.  1&9,  160)  they  are 
confluent  into  an  unbroken  circle  round  the  whole  circumference. 
The  liber  has  received  the  technical  name  of  Ekdophlcedh  (liter- 
ally inner  bark).  The  exterior  part  of  the  bark,  in  which  no 
woody  tissue  occuis,  is  early  distinguishable,  in  most  stems,  into 
two  parts,  an  inner  and  an  outer.    The  former  is 

199.  The  OellBlar  BBWlop*,  or  Grem  Layer  (Fig.  156,  g),  also 
called,  from  its  intermediate  position,  the  Mesopelceuu.  This  is 
composed  of  loose  parenchyma,  with  thin  walls,  much  like  the 
green  pulp  of  leaves  (which  last  is,  indeed,  an  outlying  part  of  the 
same  system),  and  containing  an  equal  abundance  of  chlorophyll. 
It  is  the  only  part  of  the  baric  that  retains  a  green  color.  In 
woody  stems  this  is  covered  with 

200.  The  Coifcy  EBTtlope,  or  EpirHLtEUM  (Fig.  156,  b),  which 
gives  to  ilie  twigs  of  trees  and  shrubs  the  hue  peculiar  to  each  spe- 
cies, generally  some  shade  of  ash-color  or  brown,  or  occasionally 
of  much  more  vivid  tints.  It  is  rarely  colored  green,  as  in  Negun- 
do, where  the  inner  cells  contain  chlorophyll.  It  is  this  tissue, 
which,  taking  an  unusual  development,  forms  the  cork  of  the  Cork- 
Oak,  and  those  corky  expansions  of  the  bark  whuh  are  so  con- 
spicuous on  the  branches  of  the  Sweet  Guro  (Liquidambar),  of 
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•ome  of  our  Elms  (UlmuB  al&ta  and  racemosa),  &c.  It  alio  fanna 
the  paper-like,  exfoliating  layers  of  Birch-bark.  It  ia  campoaei]  of 
laterally  flattened  parenchymatous  cells,  much  like  those  of  the 
Efidebmis  (F^g.  156,  i),  which  directly  orerliea  it,  and  forms  the 
akin  or  external  surface  of  the  stem. 

201.  To  recapitulate  the  elements  which  compose  die  fahric  of 
an  exogenous  stem  of  a  year  old,  especially  in  a  woody  plant,  and 
at  the  same  time  to  exhihit  them  In  an  accurately  drawn,  more 
magnified  view,  we  have,  pniceeding  from  the  centre  towards  the 
circumference,  — 

I.  In  the  Wood  : 

1.  The  F»tA,belongingtothecellularsystem  (Pig.  159,160,  p). 


>r  Nartnda,  tJavaU:  B,  tks 
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2.  The  MedmOary  Ske^,ma,  >  vhkh  belong  to  the  woody  or 

3.  The  Layer  of  Wood,  W, »,  \      loogitudiiial  system. 

4.  The  Meduilsrji  Kayi ,  mr,  a  part  d*  the  cellular  system. 

II.  In  the  Bark  : 
6.  The  lAber,  I ;  its  bast-tissue,  b,  beloogs  to  the  woody  syalem. 

6.  The  Outer  Bark,  belonging  wholly  to  the  cellular  ■yatero, 

Bod  compoeed  of  two  parts ;  nainely,  lat,  the  Green  or  Cei- 
lalar  Emvelope,  ge,  and  2d,  the  Corky  Envelope,  ce. 

7.  The  Epidemtit,  e,  or  skin,  which  invests  the  whole. 

S02.  An  herbacaom  stem  does  not  essentially  difler  fnun  a 
woody  one  of  this  age,  except  that  the  wood  forma  a  less  dense 
and  thinner  xoae ;  and  the  whole  perishes,  at  least  down  to  the 
ground,  at  the  cloee  of  the  season.  But  a  shrubby  or  arborescent 
etem  makes  provision  for  an  additi<Hi  to  its  fabric  the  second  year, 
—  which  may  now  be  considered. 

203.  Cublim-Urcr.  The  wedges  which  constitute  the  woody 
layer  usually  increase  in  thickness  throughout  the  season,  by  the 
continued  development  of  proaenchymalous  cells  on  their  outer  face, 
and  the  medullary  rays  extend  equally  by  the  multiplication  of  p*^ 
renchymatouB  cells :  so  that  there  is  always  a  stratum  of  delicate 
forming  and  growing  cells  interposed  between  the  wood  and  the 
baric.  This  is  called  the  Cuuium-layer  (Fig.  169,  160,  C).  It 
survives  the  winter  in  all  exogenous  stems  capaUe  of  more  than 
ooe  year's  growth,  remaining  latent  during  the  suspension  of  vege- 
tation, and  resuming  its  activity  in  the  spring,  to  give  rise  to 

204.  Tbr  Seeoid  leu'i  flnwib  ii  Diiailcr.  In  spring,  when  vege- 
tation vigorously  recommences,  and  the  buds  are  developing  the 
onward  growth  of  the  seasiHi,  a  portion  of  the  sap,  chained  with 
mucilage  (dextrine,  protoplasm,  fta.),  is  at  the  same  time  attracted 
into  the  cambium-layer,  as  into  every  part  where  growth  is  going 
on ;  and  the  bark,  before  adherent,  is  now  readily  separable  from 
the  wood.  To  this,  mucilaginous  organizable  matter  the  name  of 
CambUm  was  long  ago  applied,  and  hence  the  forming  stratum  is 
termed  the  cambium-layer ;  but  the  latter  is  only  an  incipient  new 
woody  layer ;  and  the  cambium  is  nothing  more  than  ordinary 
sap,  charged  with  dissolved  assimilated  matters,  accumulated  at 
the  part  of  the  woody  stem  where  further  growth  alone  takes 
place,  and  serving  as  the  materials  for  such  growth.  It  is  quite 
wrong  to  suppose  that  there  is  a  real  internipuon  between  the 
wood  and  the  berk  at  this,  or  any  other  period,  leaving  a  space 

11 
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filled  with  eztnvanted  sap.  A  seriei  of  delicat«  alicea  will  at  any 
time  show  that  the  bark  and  the  wood  are  always  organically  coa- 
nected,  by  a  very  delicate  tiMue  of  vitally  active,  young  celle,  just 
in  ibe  iiate  in  which  they  multiply  by  diviuoo  (36,  33).  It  ia 
when  this  process  of  growth  is  most  rapidly  going  on,  in  spring  or 
early  summer,  and  the  whole  cambium-layer  is  goi^ed  by  tlte 
flow  of  sap,  that  the  bark  is  bo  easily  leparable ;  but  the  separa- 
tion is  eflected  by  the  rending  of  a  delicate  new  tissue.  The  inner 
portion  of  this  cambium-layer  is  forming  wood  ;  the  outer  b  form- 
ing  bark.  The  celts  of  the  first  multiply  vertically  by  division, 
and  then  elongate  into  proaenchyma  or  woody  tissue,  a  part  of 
them  being  at  the  same  time  commonly  transformed  into  ducts ; 
thus  producing  a  second  layer  of  wood  on  the  surface  of  the  first, 
and  continuous  with  the  primary  layer  in  the  prolongation  of  the 
stem  and  m  the  branches  made  the  same  season.  The  exterior 
part  of  the  cambium^layer  contributes  in  much  the  same  way  to 
the  thickness  of  the  liber,  which  therefore  grows  inversely,  or  by 
accessions  to  its  inner  face.  But  the  bark  exhibits  such  great  di- 
versities in  growth  and  structure,  that  it  cannot  well  he  further  con- 
sidered along  with  the  wood. 

S05.  AUDll  IncrtaU  of  the  Wood.  Each  successive  year  a  new 
layer  is  added  to  the  wood  in  the  same  manner ;  each  layer  being, 
tike  the  first,  intersected  by  the  extended  medullary  rays.  A 
cross-section  of  such  a  stem,  therefore,  exhibits  the  wood  disposed 
in  concentric  rings  between  the  bark  and  the  pith ;  the  oldest  lying 
next  the  latter,  or  in  the  centre,  and  the  youngest  occupying  the 
circumference.  Each  layer  bemg  the  product  of  a  single  year's 
growth,  the  age  of  an  exogenous  tree  may,  in  general,  be  correctly 
ascertained  by  counting  the  rings  in  a  cross-section  of  the  trunk. 
It  is  obvious,  moreover,  that  the  growing  parts  of  an  exogenous 
tree  or  shrub  (and  the  same  applies  to  the  herb)  are,  —  1.  The 
apex  of  the  stem  and  branches,  by  buds,  which  continue  the  plant 
Upwards  and  develope  the  foliage.  2.  The  lower  extremity  of  the 
roots,  by  which  these  are  advanced  from  year  to  year.  3.  The 
cambium-layer,  which  annually  produces  a  stratum  of  fresh  tissue 
under  the  bark,  between  the  buds  and  the  rootlets,  over  the  whole 
extent  of  the  plant ;  its  ordinary  growth  giving  rise  to  new  annual 
layen  of  wood  and  inner  hark  ;  while  certain  cells,  taking  a  spe- 
cial development,  form  buds  and  consequently  branches  in  the 
axils  of  the  leaves,  or,  adventitiously  (1&2),  from  other  places,  ot 
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elM,  nDder  fiiToniig  eirctmiBtaiicea,  tecaaiary  or  Kdreotitioui 
roots  (130).  Lateral  buds  and  roots,  although  tbey  originate  in 
die  camtHum-layer,  have  to  grow  and  break  through  the  baric  be- 
torn  they  appear  eztemally.* 

306.  The  limits  of  each  year's  growth  in  diameter  in  exc^nom 
wood  are  apparent  in  the  croas-aectioa  in  the  form  of  concentrie 
layers,  from  two  causes,  either  separate  or  combined  ;  viz.,  the 
greater  abundance  of  ducta  in  the  earlier  part  of  each  annual  in- 
crement, and  the  smaller  size  of  the  woody  fibres  in  the  lateat 
growth  of  the  seasoa,  which  ia  destitute  of  ducta,  and  forms  a  finer- 
grmined  border  to  the  ring.  This  is  well  showo  in  the  crou-sectioa 
of  bass-wood,  where  the  duds  compose  the  greater  part  of  the 
wood  at  the  inner  edge  of  each  layer,  and  very  gradually  diminiA 
in  number  towards  the  outer  edge,  which  is  marked  by  a  thin  stra- 
tum of  minute,  laterelly  flattened  wood^cells;  —  probably  a  fot- 
tion  of  the  camlnum-layer  that  took  no  further  growth.  This  fine 
exterior  border  alone  marks  the  layera  in  white-pine  wood,  whera 
dtero  are  no  ducts  or  other  veseels  interspersed,  and  in  such  wood 
OS  that  of  the  Sugar  Maple,  where  the  ducts  are  somewhat  eqnabfy 
distributed  through  the  whole  breadth  of  the  layer.  Id  oak  and 
chestnut  wood,  the  layers  are  nnst  strikingly  mariied,  by  the  ao- 
curoulation  of  oil  the  lai^  dotted  ducts,  here  of  extreme  sise  and 
in  great  abundance,  in  the  inner  portion  of  each  layer,  where 
teir  open  mouths  on  the  cross-section  are  conspicuous  to  the 
naked  eye,  making  a  strong  contrast  between  the  inner  poroue, 
and  exteriorsolid  part  of  the  successive  layeis. 

307.  The  annual  layers  are  most  distinct  in  trees  of  temperate 
climates  like  ours,  where  there  is  a  prdonged  period  of  total  re- 
pose, from  the  winter's  cold,  followed  by  a  vigorous  resumption  v€ 
vegetation  in  spring.  In  tropical  trees  they  are  rarely  so  well  de- 
fined; but  even  in  these  climes  there  is  generally  a  more  or  leaa 
marked  annual  suspension  of  vegetation,  occurring,  however,  in 
the  dry  and  hotter,  father  than  in  the  cooler  season.  There  an 
numerous  cases,  moreover,  in  which  the  wood  forms  a  uniform 
stratum,  whatever  be  the  age  of  the  trank,  as  in  the  arborescent 
species  of  Cactus ;  or  whera  the  layers  aro  few  and  by  no  mean* 
corresponding  with  the  age  of  die  trunk,  as  in  the  Cycas. 


*  That  pecDiiu  Btate  of  the  wood  of  the  Sagar  Hapls,  eilled  BiWf-gM 
J&pb,  it  oppsrend;  canaed  bj  DnmberleM  indimiDtary  adTcntiiioii*  badi, 
lAidi,  Ming  to  grow,  have  become  hivolved  in  the  wood;  lajen. 
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308.  tn  nuay  woody  oKmbing  or  twrning  atenw,  each  u  tboae 
of  CleroatiB,  Ariatolocbia  Sipbo,  aad  Heniapennuni  Canadente,  die 
uuioal  layers  are  obscurely,  if  at  all,  marked,  while  the  medullary 
nya  are  unusually  bmad,  and  ihe  wood  iberefMe  fMins  a  wriea  rf 
■eparablo  wedgea  disposed  in  a  circle  anHind  the  pith.  In  the 
stem  of  me  of  our  Tiumpet-creepera  (ihe  Kgnonia  capreolata) 
the  annual  rings,  after  the  first  four  or  five,  are  interrapied  in  four 
jriaces,  aad  here  as  many  broad  plates  of  cellular  tissue,  belonging 
properly  to  the  bark,  are  interposed,  passing  at  right  angles  to 
each  other  from  the  circumference  towards  the  centre,  so  that  tb« 
Irannerse  section  of  the  wood  nearly  resemUes  a  Maltese  cross. 
But  these  are  all  exceptional  cases,  which  scarcely  require  notioa 
in  a  general  view. 

309.  The  wood  of  the  IMne,  Yew,  Cypres,  and  the  whole  tribe 
flfwhat  are  called  Conifertt,  or  cone-bearing  trees,  is  character- 
ised by  its  uniftMrmity  of  structure,  being  formed  of  a  peculiar 
woody  tisBue  with  little  or  no  intermixture  of  tnie  ducts,  and  by 
having  the  walls  of  these  woody  tubes  marked  with  large  circular 
discs,  as  in  Pig.  2S  (45,  M). 

SIO.  Iq^-VMd  ud  but-WMi.  In  the  germinating  plantlet  and 
in  the  develc^ing  bud,  the  sap  ascends  through  the  whole  tissue,  of 
whatever  sort ;  at  first  through  the  parenchyma,  for  there  is  then 
■o  other  tissue  ;  and  the  traflamisaion  ia  continued  through  it,  espe- 
eially  through  its  central  portion,  or  the  pith,  in  the  growing  apex 
of  the  stem  tbrougbooL  But  in  ibe  older  parts  below,  the  pith  is 
eoon  drained  of  sap  by  the  demand  above,  and  becomes  filled  wiA 
air  in  its  place :  thenceforth  it  bears  no  part  in  the  plant's  nourish- 
menL  As  soon  as  wood-cells  and  ducta  are  formed,  they  take  an 
Mtive  part  in  the  conveyance  of  sap  ;  for  which  their  tubular  and 
capillary  character  is  especially  adapted-  But  the  ducts  in  older 
parts,  except  when  gorged  with  sap,  contain  air  alone  ;  and  the 
np  now  oonUnuea  to  rise  only  or  chiefly  through  the  stem,  year 
•fler  year,  to  the  places  where  growth  ia  going  on,  through  the 
proper  woody  tissue  of  the  wood.  In  this  tiansmissioD  die  new 
and  fresh  tissues  are  the  most  active.  The  walls  of  the  cells  that 
compose  them  soon  begin  to  thicken  by  internal  deposition  and  by 
incrustatitm  with  mineial  matters  introduced  widi  the  sap  (39, 40, 
&S) ;  and  by  the  formation  of  new  annual  layera  outside  of  them, 
their  predecessors  are  each  year  removed  a  step  farther  from  the 
region  of  growth ;  or  rather  the  growing  Btiatum,  which  coonecta 
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tbe  fresh  rootlets,  that  imbibe,  with  the  Toliage,  that  elabomtes,  tfaa 
sap,  is  each  ^ear  removed  farther  from  them.  Tbe  latter,  there- 
fore, after  a  few  years,  cease  to  convey  sap,  as  thej'  have  long 
before  ceased  to  take  part  in  any  vital  operationB.  Tbis  older, 
ntoie  sdidified,  and  harder  wood,  which  occupies  the  centre  of  tbe 
tnink  end  is  the  part  principally  valuable  for  timber,  &c.,  is  celled 
Hbaxt-ivood,  or  Ddbambk  :  while  the  newer  layers  of  softer, 
oMre  open  and  bibulous  wood,  which  is  apt  to  be  surchei^d  widi 
sap,  receive  tbe  name  of  Sap-wood,  or  ALsnamiit.  The  latter 
name  was  given  by  the  earlier  physiolo^psts  in  allusion  to  its  white 


or  pale  color.    In  all  trees  which  have  the  distinction  between  tbe 
BBp-wood  and  heart-wood  well  marked,  the  latter  acquires  a  deep- 

ns.  IRI.  M>(idflad  cnH-asdloD  oft  pDitlon  of  WDsdrlimg  of  VlilMOtk,  ■  jMioM. 
IK.  A  knfludlul  u  will  u  cms  wctlm  of  thi  luna,  ■  liuli  hlfhu  sMfnJAid.  a,  a,  rv. 
tlnia  of  ODfl  of  lh4  mullu  modulluj  nj*. 

tV3.  183.    HifDlIM  crow  netloii  of  moaj  llm  ftom  Iha  •uh  Rim,  Uk«o  fhn  i  lijn 
rthmn-wood,M7su>  old:  t,ducu:  a,  ponloo  of  ma  of  Um  ainDUt  aMhilluj  n^    IM. 
OoBbliHdUDHudra«tliidliHlMcIIoDofttuiuHi  a,  Ubs(  of  ■  nwdDlkrr  nr. 
11* 
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•r  color,  and  that  peculiar  to  the  apeciea,  auch  a>  the  dark  brovn 
of  the  Slack  Walnut,  the  Uacker  color  of  the  Ebony,  the  purplub- 
red  of  Red  Cedar,  and  the  bright  yellow  of  the  Barberry.  Then 
oolors  are  owing  to  special  vegetable  products  mixed  with  the  in- 
erusting  matterB  ;  but  sometimes  the  hue  appears  to  be  rather  an 
alieratioii  of  the  lignine  with  age.  La  the  Bed  Cedar,  the  deep 
eolor  belongs  chiefly  to  the  medullary  rays.  To  show  that  the 
elder  wood^^lls  are  more  solidified  than  the  new,  the  annexed 
figures  are  given  from  corresponding  parts  of  the  same  tniolt  (tf 
White  Oak  ;  Fig.  161,  162,  from  sap-wood  a  year  old  ;  Fig.  163, 
164,  from  a  layer  of  heart-wood  twenty-four  years  old.  The  walls 
in  both  are  greatly  thickened  with  lignine  -,  but  in  the  latter  the 
calibre  of  a  laige  part  of  the  cells  is  slrooet  obliterated.  In  many 
of  the  softer  woods,  there  is  little  sojidificatioa  in  this  way,  and 
Bcafcely  any  change  in  color  of  the  heart-wood,  except  from  in- 
cipient decay,  as  in  the  White  Pine,  Poplar,  Tulip-tree,  &c. 

211.  Each  lajrer  of  wood,  once  formed,  remains  unaltered  in 
dimensions  and  positicHi,  and  unchangeable  except  from  internal 
depowtion  and  from  decay.  The  heart-wood  is  no  longer  in  any 
sense  a  living  part  of  the  tree ;  it  may  pensh,  as  it  frequently 
does,  without  slfecting  the  life  of  the  tree. 

212.  Tbe  Bark  is  much  more  various  in  structure  and  growth 
than  the  wood :  it  is  also  subject  to  grave  alterations  with  advan- 
cing age,  on  account  of  its  eztertial  position,  to  distention  from  the 
constantly  increasing  diameter  of  the  stem  within,  and  to  abrasion 
and  decay  from  the  influence  of  the  elements  without  It  is  never 
entire,  therefore,  on  the  trunks  of  large  trees ;  but  the  dead  exte- 
rior parts,  no  longer  distending  with  the  enlarging  wood,  are  grad- 
ually fissured  and  torn,  and  crack  off  in  layers,  or  fall  away  by 
alow  decay.  So  that  the  bark  of  old  trunks  beais  but  a  small 
proportion  in  thickness  to  the  wood,  even  wlien  it  mokes  an  equal 
annual  growth. 

213.  The  three  constituent  strata  (197-200),  for  the  most  part 
readily  distinguisliable  in  the  bark  of  young  shoots,  grow  inde- 
pendently ;  each  by  the  addition  of  new  cells  to  its  inner  face, 
so  long  as  it  grows  at  all.  The  green  layer  does  not  increase  at 
all  after  the  first  year  or  two ;  the  thickening  of  tbe  opaque  coHiy 
layer  soon  excludes  it  from  the  light ;  and  it  gradually  perishes, 
never  to  be  renewed  again.  Tlie  corky  layer  commonly  increases 
for  a  few  years  only,  by  the  foimatioa  of  new  tabukir  colls :  occa- 
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mooally  it  ta^es  a  nnuufatble  derelopment,  the  cells  swell  out  into 
polyhedral  shapes,  and  multiply  with  unusual  rapidity  and  in  great 
quantities,  fonning  the  substaitce  called  Cork,  as  in  the  Cork-Oak. 
A  similar  growth  occurs  on  the  bark  of  seretal  species  of  Elm,  of 
our  Liqiudambar  or  Sweet-Gum, 
&C.,  producing  corky  plates  on  • 
tMsnches.     In  the  Birch,  tbio  * 
annual  layers,  of  very  durable  ■ 
nature,  are  formed  for  a  great  » 
number  of  years :  each  layer  of 
tabular,   firmly  coherent  cells 
(Fig.   165,  a)  altemates  with  a 
thiDnerstralum  of  delicate,  some- 
what cubical  and  less  compact 

cella  (i),  which  separate  into  a  w  * 

fine  powder  when  disturbed,  and  allow  the  thin,  paper-like  plates 
to  exfoliate. 

2)4.  The  Ilber,  or  inner  bark  (198),  continues  to  grow  throuf^ 
oat  the  life  of  the  tree,  by  an  annual  addition  from  the  cambium> 
layer  applied  to  its  inner  surfoce.  Sometimes  the  growth  is  plaiD> 
ly  distinguishable  into  la3rers,  correBponding  with  the  annual  layen 
of  the  wood :  often,  there  is  scarcely  any  trace  of  such  layers  to 
be  discerned.  The  liber  of  the  Bass>wood  or  Linden,  and  <^ 
other  trees  and  shrubs  with  an  evidently  fibrous  baHc,  consists  of 
alternate  strata  of  bast-cells  *  (or  of  parenchyma  abounding  with 
bundles  of  bast-cells)  and  of  parenchyma  alone.  In  the  Sugar 
Maple,  only  a  small  proportion  of  bast-cells  are  formed  after  the 
first  year.  In  Negundo  there  is  a  fine  deposit  of  bast-cells  th* 
first  year  (Fig.  159,  well  distinguished  by  their  opaline  appearaoca 
■0  the  magnified  cross-section),  hut  they  are  not  again  repeated, 
and  the  liber  erer  alter  coousts  of  parenchyma  alone,  or  with 
some  thin  and  sliort  proseochymatous  cells  intermixed.  The  bfit< 
lie  liber  of  the  Beech  is  nearly  destitute  of  bast-cells.    So  is  that 

*  The  nune,  Hber,  ii  ^ipUed,  sren  b^  tbe  ume  sttUior,  lometimM  to  lbs 
lAole  inner  bark,  of  whaUTor  1111101010,  sometimsi  to  lit  bsil-ooUi  slooe.  It 
Ii  applied  in  thii  work  to  tbe  inser  berk  which  growi  ;B>r  sAer  jeer  from  lbs 
csmbinm-lajer,  (thst  ia,  to  all  wilbio  the  green  lajer,)  whether  it  ci 
produce  but-ccUs  or  noL 
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of  the  Birch  ;  but  it  abouads  with  clusters  of  solidified  cells,  which 
take  their  place  and  esactly  imitate  ordinary  bast-cells  on  the  croe» 
sectioD  (Pig.  18)  ;  but  a  longitudinal  section  exhibits  the  same  ap- 
pearance, showing  that  they  are  globular  in  shape.  In  the  first 
jrear's  growth  of  the  stem  of  Menispermum  Canadense,  there  is 
a  broad  arc  of  baat-cells  immediately  before  each  wedge  of  wood ; 
in  a  stem  of  two  or  three  years  this  is  carried  away  from  the  wood 
by  the  development  of  purely  cellular  hark  from  the  iuterpoeed 
cambium'layer ;  it  is  finally  thrown  oif  at  the  surface,  and  no  more 
is  ever  formed.  A  singular  anomaly  occurs  in  a  species  of  Coccu- 
luB,  where  Decaiane  has  shown  that  the  bast-cells  remain  connected 
with  the  face  of  the  wood,  and  are  covered  by  its  second  layer,  so 
as  eventually  to  be  found  in  the  interior  of  the  wood.  Latictfer- 
«us  vessels  or  canals  (63)  abound  in  the  newer  parts  of  the  liber. 

Sis.  Sometimes  thin  plates  of  delicate  cells,  like  those  of  coA, 
are  formed  in  the  liber  alternately  with  its  proper  tissue ;  thess 
early  give  way  in  the  external  layers,  so  that  the  outer  part  of  the 
liber,  as  it, grows  older,  scales  ofi*  in  plates  year  aAer  year  ;  as  is 
Strikingly  the  case  in  the  Buttonwood  or  Plane-tree,  in  the  Shell- 
borii  Hickory,  in  the  liarch.  Pine,  &c.  Even  the  liber  of  only 
bne  or  two  years  old  is  thus  annually  detached  in  membranous 
layers  or  fibrous  shreds  fVom  the  stems  of  the  Currant  and  Honey- 
suckle, the  Spinea  opulifolia  or  Nine-Bark,  and  moet  strikingly  in 
the  Grape-vine.  In  the  latter  cases,  the  green  and  the  corky  lay- 
ers are  thrown  ofi*  the  first  or  second  year;  in  other  cases,  they 
disappear  at  a  later  period. 

216.  Obviously  the  recent  liber  and  the  newer  layers  of  wood, 
with  the  interposed  cambium -layer,  are  alone  concerned  in  the 
life  and  growth  of  the  tree.  The  old  bark  is  constantly  decaying 
or  falling  away  from  the  surface,  without  any  injury  to  the  tree  ; 
while  the  heart-wood  may  equally  decay  within  without  harm,  ex- 
cept  by  mechanically  impairing  the  strength  of  the  trunk. 

217.  The  crude  sap  rises  to  the  leaves  principally  through  the 
newer  wood  (210).  The  elaborated  sap  (79)  is  returned  into  the 
newest  bark,  thence  sent  to  the  cambium-layer,  and  horizontally  dif- 
fused through  the  medullary  rays  (which  may  be  viewed  as  inward 
extensions  of  the  baric)  into  the  »ap-wood  and  all  other  living  parts. 

219.  The  proper  juices  and  peculiar  products  of  plants  (80)  are 
accordingly  elaborated  in  the  foliage  and  the  bark,  especially  in 
the  latter.    In  the  bark,  therefore,  medicinal  and  other  principles 
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ure  uaually  to  be  sought,  nther  than  in  the  wood.  NerertbeleM, 
as  the  wood  is  kept  in  conaection  wilh  the  bark  through  the  medul* 
luy  raya,  maoy  products  which  probably  originate  in  the  formey 
are  found  in  the  wood. 

S19.  Exogenous  plants  almost  always  develope  axillary  buds, 
and  produce  branches :  hence  their  stems  and  branches  gradually 
taper  upwards,  or  are  conicaL 

Sect.  VI.    Ths  EinioGBKOtrs  ob  Momocottlbdokovs  Stem. 

220.  A  cursory  notice  must  now  be  taken  of  the  stem  of  Endo> 
gens    (Inaide-groK' 
sra),    a  great 
of  plants,  whic 
though    they 
many  bumUe  i 
aentatives  in  i 
era  climes,  3^1 
ly  attain  theii 
characteristic  ( 
opmeot,  and  di 
their  noble  arl 
cent  forms,  ue 
tropical    sun. 
Pklms — thetj 
the  class  —  di 
tend  as  far  noi 
this  country  a 
coast  of  North 
Una  (the  nature 
it  of  the   Pall 
Fig.      166) ; 
while  in  Eu-   < 
rope  the  Date 
and  the  Cha- 
■UBTOpsbaTe 
found     their 
way    to    the 
warmer  parts  of  the  European  shore  of  the  Mediterranean.     The 

FIO.  KM.    Tt»  CtiKiiBni)j>  FilmaUo,  bi  nriou  nfM,  utd  Lha  Yucca  DncooU. 
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manner  of  their  growth  gives  them  a  striking  appearsnM ;  their 
trunks  being  unbranched  cylindrical  columns,  rising  majestically  to 
the  height  of  from  thirty  to  one  hundred  and  fifty  feet,  and  crowned 
at  the  summit  with  an  ample  plume  of  peculiar  foliage.     Their 
internal  structure  is  equally  different  from  that  of  ordinary  wood. 
221.  The  stem  of  an   Endogen,  as   already  remarked  (185), 
oSers  no  manifest  distbction  into  baik,  pith,  and  wood ;  and  the 
latter  is  not  composed  of  concentric  rings  or  layers,  nor  traversed 
by  medullary  rays.     But  it  consiets  of  bundles  of  woody  and  va»- 
cular  tissue,  in  the  form  of  thick  fibres  or  threads,  which  are  im- 
bedded, with  little  apparent  regularity,  in  cellular  tissue  ;  and  the 
whole  is  inclosed  in  an  integument  which  does  not  strictly  resemble 
the  bark  of  an  Exogenous  plant;  inasmuch  as  it  does  not  increase 
by  layers,  and  is  never  separable  from  the  wood.     The  fibrous 
bundles  which  compose  the  wood,  and  which  consist  of  a  mass  of 
woody  fibres  surrounding  several  ressels,  are  distributed  through- 
out the  cellular  system  of  the  stem,  most  copiously  near  the  cir- 
cumference, but  without  being  arranged  in  layeis.     Each  bundle 
usually  contains  all  the  elements  of  the  wood  of  the  exogenous 
stem,  namely,  vessels,  proper  woody  tissue,  and  bast-cells.     The 
bundles  may  be  traced  directly  from  the  base  of  the  leaves  down 
dirougfa  the  stem,  some  of  them  to  the  roots  in  a  young  plant, 
while  others,  curving  outwards,  lose  themselves  in  the  cortical  in- 
tegument,  or  rind.     As  the   stem    in- 
creases, new  bundles,  springing   from 
the  bases  of  more  recently  developed 
leaves,  are  at  first  directed  towards  the 
centre  of  the  stem,  along  which  they 
descend   for   some    distance,    growing 
more    slender    in    their    course,     and 
then,  curving  outwards,  mostly  termi- 
nate in  the  rind.     It  is  partly  in  conse- 
quence of  the  cohesion  of  these  oblique- 
ly descending  fibres  to  the  false  bark, 
that  the  latter  cannot,  as  in  Ex<^n3,be 
separated  from  the  wood  beneath.    The 
manner  in  which  the  woody  threads  are 
consequently  interwoven  is  shown  In  Fig.  167.     The  Palm-like 
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Yuccaa  of  the  Southern  States  offer  beautiful  iUiutntious  of  the 
kind.  The  appeanmce  on  a  cnxs-Bection  of  on  endogenous  stem 
is  showD  ID  Fig.  150.  The  new  woody  bundles  which  are  added 
from  year  to  year,  instead  of  arranging  themselves  outside  th« 
earlier  wood  and  incIosiDg  it,  as  in  Esogens,  actually  descend 
more  in  the  centre,  and  gradually  force  outward  those  which  were 
first  formed.  Such  a  stem,  therefore,  instead  of  having  the  oldest 
'  and  hardest  wood  at  tbe  centre  and  the  newest  and  softest  at  the 
circumference,  as  in  ordinary  trees,  is  softest  towards  the  centre 
and  moBt  compact  at  the  circumference.  In  this  way,  and  by  the 
general  growth  of  the  cellular  tissue  in  which  the  fibro>vascular 
bundles  are  imbedded,  the  stem  increases  in  diameter  as  long  w 
the  rind  is  capable  of  distention.  In  some  instances,  as  in  the 
arborescent  Yuccas  and  the  Dracienas  or  Dragon-trees,  the  rind 
teroains  soft  and  capable  of  unlimited  expansion ;  and  the  woody 
bundles  descend  after  having  reached  the  circumference,  and  thus 
the  older  stems  continue  to  increase  in  diameter,  much  after  the 
manner  of  an  Exogen  ;  but  in  the  Palms,  and  in  most  woody  En- 
dogens,  it  soon  iudumles,  and  the  stem  consequently  increases  no 
further  in  diameter.  The  wood  of  the  lower  part  of  such  stem  is 
more  compact  than  the  upper,  being  more  filled  with  woody  bun- 
dles, the  celb  of  which  are  lignified  by  internal  deposition ;  and  the 
rind  is  harder,  from  the  greater  number  of  ligneous  fibres  which 
terminate  in  it,  and  from  its  proper  induration.  Further  increase 
in  diameter  being  in  these  cases  impossible,  and  the  lower  part  of 
the  stem  becoming  at  length  choked  up  by  the  multitude  of  de- 
scending bundles,  it  appears  that  the  life  of  such  Endogens  must 
be  limited. 

222.  Palms  generally  grow  from  the  terminal  bud  alone,  and 
perish  if  this  bud  be  destroyed  ;  the  foliage  is  also  borne  in  a  clus- 
ter at  tbe  summit  of  the  trunk ;  which  consequently  forms  a  simple 
cylindrical  column.  But  in  some  instances  two  or  more  buds  de- 
velope,  and  the  stem  branches,  as  in  the  Doum-Palm  of  Upper 
Egypt,  and  in  the  Pandanus,  or  Screw-Pine  (Fig-  117),  which 
belongs  to  a  family  closely  allied  to  Palms :  in  such  cases  the 
branches  are  cylindrical.  But  when  lateral  buds  are  freely  devel- 
oped (as  in  the  Asparagus),  or  the  leaves  are  scattered  along  the 
stem  or  branches  (as  in  tbe  Bamboo,  Maize,  dtc.),  these  taper  up- 
wards, just  OB  in  Exogens. 

223.  Grasses  have  endt^enous  stems,  mostly  of  annual  dura- 
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tioD,  and  wluoh  early  become  hollow  in  the  nunoer  already  indt 
cated  (193).  In  wTeral  of  tbem,  such  aa  the  Maize  and  Suga^ 
Cane,  the  stem  remains  solid ;  aitd  these  furnish  good  examples  of 
ordinary  endt^nous  structure. 

Sect.  VII.    Of  thb  THEORETiciL  STBucnnts  of  tbb  Stem,  nc. 

234.  Srigll  of  th>  Vied,  tC.  We  have  seen  that  the  planllet 
which  has  as  yet  developed  only  one  intemode  and  one  leaf  ( 1S8), 
or  one  pair  of  leaves  in  germinatioa(118),ii  complete  in  its  parts, 
being  provided  with  all  the  organs  of  vegetation,  namely,  with  root, 
Mem,  and  foliage.  By  this  time  its  layer  of  wood  is  also  manifest 
{a  few  vessels  being  firat  developed  in  four  or  more  clusters, 
around  which,  principolly  on  the  outer  side,  woody  tissue  at  once 
begins  to  appear)  ;  and  the  bark  a  little  later  exhibits  traces  of  the 
elements  of  its  three  layers.  This  nascent  wood  begins  to  form 
early  in  gennination.  In  a  lai^  and  highly  developed  embryo  it 
exists  before  gennination.  The  conversion  of  young  cells  of  pa- 
renchyma into  vessels  and  wood-cells  either  commences  in  the 
radicle  or  stem-part  and  extends  upwards  into  the  cotyledons,  when 
the  latter  are  proportionally  little  developed ;  or,  when  they  are 
large  in  proportion  (as  in  the  Almond,  Fig.  97),  it  commences  in 
the  cotyledons  and  grows  downwards  into  the  radicle.  The  wood 
of  the  rudimentary  stem  and  that  of  the  leaf  or  leaves  it  bears  are 
therefore  in  connection,  are  parts  of  the  same  system.  As  the 
root  is  produced  from  the  lower  end  of  the  radicle  (Pig.  107),  its 
forming  woody  tissue  extends  downwards  into  it  (the  primary  ves- 
sels, however,  commonly  developing  as  duels  instead  of  spiral  ve^ 
seb),  and  grow  on  as  that  advances  by  its  cellular  growth.  The 
leaf  or  pair  of  leaves  of  the  second  intemode  by  this  time  begins 
to  appear ;  in  which,  or  at  the  base  of  which,  new  vascular  and 
woody  tissues  originate  in  the  same  way,  extending  through  the 
leaf  to  form  its  woody  system,  or  framework,  making  the  woody 
stratum  in  the  second  intemode  of  stem  as  it  lengthens,  and  then 
contributing  to  the  increase  of  ihe  wood  of  the  parent  intemode 
beneath.  This  is  repeated  throughout  the  whole  growth  of  the 
season  ;  each  intemode  forming  its  own  woody  system,  a  portion 
of  which  appears  separately  in  the  leaf,  while  that  in  its  stem 
blends  with  that  of  the  btemodes  below  to  form  the  general  zone 
of  wood,  m  the  exogenous  stem.    It  is  nearly  the  same  in  the  en- 
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dDgeiKHM  «tein,  except  that  the  wood  fonni  in  separate  bundles  or 
threaifa,  &iid  tbeee  are  commingled  through  the  whole  circumference 
(rflbe  yoong  Mem,  instead  of  the  new  wood  being  constantly  ap- 
frfied  to  the  outude  <tf  that  which  was  firet  formed.  In  the  endo- 
genous stem,  the  individoal  threads  or  bundles  which  form  the 
wood  may  often  be  separately  traced  from  the  base  of  the  leaf  to 
their  terminaticm,  at  a  considerable  distance  below.  In  dw  esoge- 
aeus  stem,  their  elements  are  usually  confluent  and  undistinguisfa- 
able  in  the  common  layer. 

235.  That  the  wood  thus  originates  in  connection  with  the  leavea 
it  shown,  —  (I.)  By  tracing  the  threads  of  soft  woody  End<^ns, 
SDch  as  Yucca,  and  some  Palms,  directly  from  the  base  of  the  leaf 
ioto  the  stem,  and  thenoe  downward  to  their  termination,  towards 
which  they  become  attenuated,  lose  their  vessels,  and  are  finally 
reduced  to  slender  shreds  of  woody  tissue.  (2.)  Because  the 
amount  of  wood  formed  in  a  stem  or  branch,  other  things  being 
equal,  is  in  proportion  to  the  number  and  size  of  the  leaves  it 
bears ;  its  amount  in  any  portion  of  the  branch  is  in  direct  proper* 
tion  to  the  number  of  leaves  above  that  portion.  Thus,  when  the 
leaves  are  distributed  along  a  branch,  it  tapers  to  the  summit,  as  in 
a  common  Reed  or  a  stalk  of  Indian  Ck)m ;  when  they  grow  in .  K 
cluster  at  the  apex,  it  remains  cylindrical,  as  in  a  Palm  (Fig.  1€6). 
Consequently  the  aggregate  diameter  of  the  branches  is  (eaterit 
paribiu)  equal  to  that  of  the  trunk  from  which  they  arise ;  as  is 
beautifully  illustrated  by  the  excttrrent  stem  of  Pines  and  Firs, 
(carried  directly  upwards  by  the  continued  growth  of  the  leading 
sboot,  159,)  the  diameter  of  which  regularly  diminishes  as  the 
lateral  branches  are  given  off'.  Consequently  the  increase  of  the 
trunk  in  diameter  directly  corresponds  with  the  number  and  vigor 
of  the  branches.  The  greater  the  development  of  vigorous  branch- 
es  on  a  particular  side  of  a  tree,  the  more  wood  is  formed  and  the 
greater  the  thickness  of  the  annual  layers  on  that  side  of  the  trunk. 
(8.)  In  a  seedling,  the  wood  appears  just  in  proportion  as  the 
leaves  are  developed.  (4.)  If  a  young  branch  be  cut  off  just  below 
a  node  (141),  so  as  to  leave  on  intemode  without  leaves  ot  bud,  no 
increase  in  diameter  will  take  place  down  to  the  first  leaf  below. 
But  if  a  bud  be  inserted  into  or  ingrafted  upon  this  naked  inter- 
node,  as  the  bud  developes,  increase  in  diameter,  with  the  forma- 
tion of  new  wood,  recommences, 

226.  These  facta  conspire  to  show,  not  only  the  geiKral  depeoci- 
13 
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SBc«  or  the  wood  on  tbe  tenvn  for  ita  ibrawtioB,  but  a\ao  ihkt  in 
formatkta  proceeds  from  aboee  doiemoarit*  The  following  aie 
aome  of  tbe  conaideratioos  th«t  majr  be  addticed  in  confirmation  vS 
tbia  view:  —  (I.)  When  a  ligature  la  cloaely  bound  around  a  grow- 
ing exogenous  atem,  tbe  part  above  the  ligature  awells ;  that  below 
does  not  Every  one  may  have  observed  tbe  distortions  that  twia- 
ing  stems  thus  accidentally  produce  upon  woody  exogenous  trunks. 
On  examination,  tbe  woody  fibrea  are  found  to  be  arrested  at  the 
upper  margin  of  tbe  ligature,  and  thrown  into  curved  and  knotted 
forms;  or,  whqre  the  ligature  is  spiral,  tbe  descending  fibres  fol- 
low  tbe  course  of  the  obstruction.  (2.)  When  we  girdle  the  exoge* 
noua  stem,  by  removing  a  ring  of  bark  so  as  completely  to  expoae 
the  surface  of  the  wood,  tbe  part  above  the  ring  enlarges  in  the 
same  manner ;  that  below  does  not,  except  by  tbe  granulation  of 
cellular  tissue,  until  tbe  incision  is  healed.  (3.)  In  a  grail,  the  de- 
scending wood  of  tbe  scion  may  sometimes  be  traced  quite  distio^ 
from  the  Mock.  (4.)  In  many  cases  the  fibres  of  wood  are  found 
to  curve  abruptly  round  a  projection,  gradually  resuming  their  per- 
pendicular direction  below.  Sometimes  they  take  a  very  sinuous 
course,  when  there  is  no  obstruction  or  evident  cause  of  disturb- 
ance ;  the  fibres  of  adjacent  layers  even  crossing  each  other  at 
light  angles,  showing  an  entire  independence  of  the  antecedent 
layer  in  their  growth.  (5.)  The  wood  of  tbe  roots  is  manifestly 
formed  in  a  descending  direction.  But  it  is  continuous  with  thai 
of  the  stem ;  and  its  first  layer,  the  extension  of  the  wood  of  tbe 
radicle  into  the  primary  root,  agrees  in  compo«tian  with  tbe  wood 
of  the  succeeding  layers  in  the  stem,  having  no  spiral  vessels,  bat 
only  ducts. 

237.  We  have  seen  ( 14$)  that  lateral  buds  develope  into  branch- 
es, just  as  the  original  embryo  developed  into  the  primary  stem. 
Now  the  original  embryo,  or  primary  bud  (144),  not  only  grew 
upwards  to  form  the  stem,  but  downwards  to  form  the  root.  Buds 
grow  upwards  into  branches;  have  they  aught  corresponding  to 
the  downward  growth  which  in  tbe  original  stem  is  represented  by 
tbe  roota?    The  answer  is  furnished  by  those  buds  which  may 


*  There  U  tn  article  bj  Jsmei  Warren,  in  the  first  Tolame  of  the  Hem9iit 
of  tbe  American  Academy  or  Arts  and  Sciencea.pablithed  in  1785,  ingenioot- 
Ij  maintaining  the  downward  growth  of  the  wood,  ^>paienll/  bom  original 
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be  nMde  to  grow  independMitly  of  ^  parent  stem ;  such,  for  in- 
stSDce,  as  the  buibleU  of  the  Tiger  Lily  (Fig.  148),  which  are 
merely  axillary  hods  with  (teshy  scales,  aad  which,  when  they  fall 
lo  the  ground,  or  even  while  yet  in  their  native  situation,  emit 
rootlets  from  their  haae,  whose  downward  growth  ta  the  counter-' 
part  of  the  upward  growth  of  the  stem  to  which  the  bud  gives  rise. 
The  same  evidence  is  furnished  by  those  ordinary  buds  which  oat- 
mally  grow  in  union  with  the  parent,  but  which  ihe  gardener  trans- 
fers to  the  soil  in  the  form  of  cuttings  (which  are  merely  huds 
with  a  small  piece  of  the  stem),  where  they  throw  out  roots  from 
dte  base  and  grow  into  independent  plants.  As  the  bud,  excited 
by  warmth  and  moisture,  developes  upwards  into  a  stem,  just  as  it 
would  have  done  into  a  branch  had  it  remained  in  union  with  the 
parent,  so  it  strikes  root  downward  from  the  base  of  the  cutting, 
and  the  woody  matter  of  these  roots,  taken  together,  may  be  traced 
b«ck  directly  to  the  bud.  The  resemblance  between  the  original 
stem  and  the  branches  it  bears,  therefore,  holds  good  through- 
ooL  Aa  the  downward  growth  of  the  original  stem  gives  rise  to 
roots,  so  the  downward  growth  of  the  lateral  buds,  when  they  grow 
in  connection  with  the  parent  stem,  contributes  to  the  wood  be- 
neath, and  at  length  to  the  roots.  In  layering  (167),  the  gardener 
well  knows  that  roots  strike  more  readily  when  an  incision  is  made 
into  the  stem  where  it  is  covered  with  the  soil.  The  evident  ex- 
planation is,  that  the  descending  woody  growth,  arrested  by  the  in- 
cision in  the  cellular  callus  that  forms  there,  is  forced,  as  it  were, 
to  strike  at  once  into  the  soil,  instead  of  pursuing  the  longer  course 
Arough  the  main  trunk  to  the  same  ultimate  destination.  This  is 
the  very  economy  of  shrubs  and  trees  which  naturally  multiply  by 
suckers  and  stolons;  from  which  the  singular  Banyan  (Fig.  119), 
that  in  time  spreads  into  a  grove, 

"  High  over-nrched,  wiih  echoing  walks  between," 

in  no  wise  differs,  except  that  the  roots  strike  and  the  whole  pro- 
ems goes  on  high  in  the  open  air.  In  this  case,  portions  of  the 
new  wood  merely  take  another  and  nearer  course  to  the  ground  it 
Ibe  forai  of  aerial  roots,  which  in  tinie  produce  additional  trunks, 
instead  of  continuing  their  adhesion  to  the  branches,  and  contribut- 
ing to  the  increase  in  diameter  of  the  main  trunk.  The  additional 
trunks  thus  produced,  and  which  eventually,  by  separation  and  the 
decay  of  the  original  trunk,  may  form  the  stems  of  ixtdependent 
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traea,  cxBctlj  repraMnt  the  outer  and  sewer  hcyera  of  an  ordhiaTT 
tree,  the  main  stem  repreaenting  the  old  end  decaying  oentre. 
Further  bihI  very  strikitig  illuatratioDs  are  fumiahed  by  tboae  en- 
rioua  atema  of  Barfaacenia,  Kingia,  and  some  Lycopodia,  in  which 
DunwrouB  aerial  roota,  instead  of  striking  off  free  from  the  exterior, 
descend  under  the  bark  or  rind,  where  they  are  oloeely  preaaed 
together,  tatd  form,  aa  it  were,  coarse  threads  of  wood ;  but  on 
reaching  the  ground  they  assume  the  appearaace  and  functions  of 
leal  roots.  Every  transition  Is  found  between  this  arraagemenl 
and  that  in  which  they  are  united  and  Uended  with  one  another  is 
a  continuous  ligneous  tissue. 

238.  Nevertheless,  it  is  carrying  such  conclusions  much  too  ftr 
to  assert,  with  Thouais  and  Gaudichaud,  that  wood  is  the  roots 
of  buds  or  of  leaves,  and  to  insist  that  each  Inunchlet  or  branch 
contributes  a  distinguishable  or  defioile  portion  to  the  trunk  below, 
which  is  prolonged  into  a  particular  root  or  set  of  roots.  In  Palms, 
indeed,  according  to  the  high  authority  of  Mortius,  there  are  no 
otiier  threads  of  wood  in  the  trunk  than  those  which  have  proceed- 
ed from  the  basea  of  the  leaves.  But  in  exogenous  stems,  —  ot 
which  most  is  known, — although  the  principal  growth  commences 
and  proceeds  in  the  manner  above  described  (334),  yet  it  undoubt- 
edly goes  on  from  year  to  year  by  the  continual  multiplication  and 
growth  of  celb  (33,  303-305)  over  the  whole  extent  of  the  cam- 
btum-layer  neariy  aimultaneously,  irrespecdve,  at  least  in  the  trunk 
and  roots,  of  any  direct  connection  with  buds  or  leaves  above. 
The  formation  of  wood  is  resumed  each  spring  where  it  was  inter- 
rupted the  previous  autumn.  This  is  shown  in  the  case  of  stumps 
which  have  been  kept  alive  for  several  years,  in  consequence  of  the 
natural  ingraAing  of  some  of  their  roots  with  the  roots  of  adjacent 
4rees  of  the  same  species,  and  which  have  continued  to  form  annual 
layers,  although  very  thin  ones,  while  they  survived,  notwithstand- 
ing they  bore  no  leafy  shoots,  or  scarcely  any.*    The  cambium- 


*  The  ucertaincd  ftct,  that  the  fibro-TUcnlsr  tiMoe  of  ■Monduy  rooli  orig- 
iaatM  independentlj  in  the  pareiichjmK,  ■^■cenl  to,  but  not  at  flnt  in  contact 
with,  the  wood  of  the  «wni,  it  decinve  againu  the  Tbonanian  bTpotbeais.  8e 
alio  ii  the  cue  of  a  tree  of  Hjwa,  found  hj  M.  Tt^dI,  ia  Lonisiana,  whidi 
continaed  to  lire  aSUg  the  trunk  wu  eitensiTel;  atripped  of  ita  bark  Tor  iu 
whule  ciiTDmrerence,  not  onlj  forming  iu  annuftl  Itjer  (sllhoiigh  a  very 
ihin  one)  below  the  girdled  portion,  bnt  actoall;  fbralng  new  wood  la  ipott 
OB  the  doiDded  ni&ee. 
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IsTer,  however  it  may  have  originated  in  the  fint  insbmce,  blends 
into  a  comcooD  strntum,  which  pooaoimpa  an  inbercot  power  of 
continuing  and  reproducing  itself,  while  it  is  nourished  by  the 
elaborated  sap,  which  is  generally  supplied  by  the  foliage  above. 
It  ia  well  known  that  the  ascending  sap  is  laterally  diffused  with 
great  readiness  through  the  whole  circumference  of  the  sap-wood  ; 
if  this  be  destroyed  on  Mie  side  of  the  tree,  the  sap  that  ascends  on 
ibe  other  is  equally  supplied  to  all  the  branches  throughout.  The 
banches  of  each  year's  growth  are,  therefore,  kept  in  fresh  com- 
mnnicatioo,  by  means  of  the  newer  layers  of  wood,  with  ibe  fresh 
rootlets,  which  are  alone  active  Id  abeorbing  the  erode  food  of  the 
plant  from  the  soil.  The  fluid  they  absorb  is  thus  conveyed  direct- 
ly to  the  branches  of  the  season,  which  alone  develope  leaves  to 
digest  it.  And  the  food  they  receive,  having  been  elaborated  and 
e<Hiverted  into  oiganic  nourishing  matter,  is  partly  expended  in  the 
npwanl  growth  of  new  branches,  and  partly  in  the  downward  for- 
mation of  a  new  layer  of  wood,  reaching  from  the  highest  leaves 
to  the  remotest  rootlets.  These  two  essential  oi^ans,  namely,  tb« 
rootlets  which  absorb,  and  the  leaves  which  digest,  the  plant's 
nourishment,  are,  therefore,  annually  renewed ;  and,  whatever 
tbeir  distance  or  the  age  of  the  tree,  aro  maintained  in  fresh  com- 
municatioD  through  the  new  annual  layers.  As  the  exogenous 
tree,  therefore,  annually  renews  its  buds  and  leaves,  its  wood,  bark, 
and  roots,  — every  thing,  indeed,  that  is  concerned  in  its  life  and 
growth,  — there  seems  to  be  no  reason,  no  necessary  cause  inhe- 
rent in  the  tree  itself,  why  it  should  not  live  indeflnitely.  Accord- 
ingly, some  trees  are  known  to  have  lived  for  a  thousand  years  or 
more ;  and  others  are  now  living  which  are  with  high  probabil- 
ity thought  to  be  above  two  thousand  years  old.*  This  longevity, 
however,  will  not  appear  surprising  when  we  remember  that 

239.  The  PlUl  il  a  Cmpaiite  Brisg,  or  community,  lasting,  in 
(be  case  of  a  tree  especially,  through  an  indefinite  and  often  im- 
mense number  of  generations.  These  are  successively  produced, 
enjoy  their  term  of  existence,  and  perish  in  their  turn.    Life  passes 


'  Themlijttct  of  ihclosgtri^of  tn«a  has  baen  sUj  dueimed  bjDe  Cim- 
doUe,  in  Ibe  BOikM^ue  Uiiivtndla  of  Generm,  for  H»/,  1831,  mnd  in  ibe 
•wond  Tolama  of  his  PAgiiolegit  Vigitait :  wiao,  more  rectntlj,  bj  Proreuor 
AlpboDM  De  Cuidolle-  In  thu  coantrj,  an  uticle  on  the  mbjcct  bat  appeared 
in  the  N»ftli  Amtrkait  Reaem,  for  Jnlj,  1S44. 
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onmird  eofitinuatly  from  dte  older  to  the  new«r  puts,  Mtd  daalh 
follows,  with  equal  step,  at  a  narrow  iaterval ;  no  portion  of  the 
tree  is  now  living  that  was  alive  a  few  years  ago ;  the  leaves  die 
annually  and  are  cast  off,  while  Ibe  intemodes  or  joints  of  stem  that 
bore  tbem,  as  to  their  wood  at  least,  are  buried  deep  in  the  trunk, 
under  the  wood  of  sucGeeding  generations ;  converted  into  heart- 
wood  they  are  equally  lifeless,  or  perchance  decayed,  while  the 
bark  that  belonged  to  them  is  in  time  thrown  off  from  the  surfece. 
It  is  the  aggregate,  the  blended  moss  alone,  that  long  survives. 
Plants  of  single  cells  are  alone  perfectly  simple,  and  their  exist- 
ence is  extremely  short.  But  the  more  complex  vegetable  of  a 
higher  grade  is  not  to  be  compared  with  the  animal  of  the  hi^>est 
organization,  where  the  o^pring  always  sepamtes  from  the  parent, 
aitd  the  individual  is  consequently  simple  and  indtviMUe ;  while  it 
is  truly  nmilar  to  the  bmoching  of  arboreeoent  coral,  or  other 
compound  animals  of  the  lowest  grade,  where  successive  genera- 
tions, though  capable  of  living  independently  and  sometimes  sepa- 
rating spontaneously,  yet  are  usually  developed  in  connection, 
blended  in  a  general  body,  and  nourished  more  or  less  in  common. 
Thus  the  coral  structure  is  built  up  by  the  combined  labors  of  a 
vast  number  of  individuals,  —  by  the  successive  labon  of  a  great 
number  of  generations.  The  surface  or  the  recent  shoots  alone 
are  alive ;  and  here  life  is  superficial,  all  underneath  consisting  of 
the  dead  remains  of  former  generations.  The  arb<H«acent  species 
are  not  only  lifeless  along  the  central  axis,  but  are  dead  throu^ 
out  towards  the  bottom :  as,  in  a  genealogical  tree,  only  the  later 
ramifications  are  among  the  living.  It  is  the  same  with  the  tree, 
except  that,  as  the  plant  imbibes  its  nourishment  prtQcipalJy  from 
the  soil  through  its  roots,  it  makes  a  downward  growth  also,  and, 
by  constant  renewal  of  fresh  tissues  (316,  228),  maintmns  the  com- 
munication between  the  two  growing  extremities,  the  buds  and  the 
rootlets.  We  have  seen  that  branches  grow  from  the  parent  stem 
just  as  this  grew  from  the  embryo,  only  that  they  are  implanted  oa 
the  main  trunk  instead  of  the  ground ;  still  they  are  capable  of 
living  as  independent  individuals,  and  often  do  in  various  ways  (as 
by  bulbs,  tubers,  layers,  stolons,  ofisets,  &c.)  spontaneously  ac- 
quire a  separate  existence.  The  branches,  therefore,  or  the  buds, 
which  are  the  branches  in  an  earlier  stage,  are  real  individuals, 
•which  conspire  to  make  up  the  composite  tree.  The  contrary 
view  would  lead  to  the  absurdity  of  an  individual  consisting  of  sev- 
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Kni  geneni  and  speoiw ;  aiaca  die  Apple,  Pear,  Momtaiii  Art, 
Quince,  Med1«r,  and  Hawthon>e  msy  all,  by  ingrafting,  be  ccMn- 
iHBed  in  a  einglfl  tree.  It  would  also  oblige  ns  to  eotwider  aa  a 
flingle  iTtdiTtdual  all  the  plants  which  have  ariaen  from  the  mecJiaQ- 
ical  sobdiTtstoD  of  an  original  stem,  —  for  example,  perhaps  all  tfao 
liombanly  Poplars  in  this  country,  or  even  a  laige  part  of  the  Po- 
tatoes of  Earope  and  America.  While  united,  however,  all  the 
hroDcbes  are  to  some  extent  subordinate  to  the  genemi  whole ; 
BO  that  the  term  individual  plait  is  justly  applied  to  the  aggregate 
Btero  and  branches  while  they  remain  united,  but  no  longer. 

330.  nylom.    The  analysis  of  the  Phranogamous  plant  mtst  be 
carried  still  further :  for  a  branch,  or  the 
simple  primary  stem  itself,  is  composed  of  \^  /^ 

a  lineal  succession  of  similar  parts,  devel-  (!l.^^ 

oped  one  upon  the   summit  of  another,  jf 

each  produced  by  the  precediog,  and  pro- 
ducing that  which  in  turn  surmounts  it 
(143)  ;  that  is,  it  consists  of  a  series  of  in- 
dividual  planileU  or  plant-elemetiU,  which 
by  their  repetition  make  up  the  vegetable 
body.  The  first  of  these  preexisu  in  the 
seed,  as  the  embryo,  or  initial  plantlet 
(Fig.  105) :  the  downward  growth  from  its 
lower  extremity  forms  the  root  (I^.  107), 
while  from  above  it  gives  birth  to  all  the 
rest,  in  lineal  succession.  A  name  being 
needful  by  which  to  designate  this  potential 
l^ant,  tbe  repetitiim  of  which  nuikes  up 
the  perfect  vegetaUe,  that  of  Phiton 
(from  tbe  Greek  ^mriv,  a  plant)  has  been 
adopted  for  the  purpose. 

231.  The  dicotyledonous  embryo  (Fig. 
100,  105)  is  a  double  organ,  or  consists  of 
two  simple  phytons,  with  their  stem  por- 
tions united  side  by  side  to  form  the  radi- 
cle, but  each  with  its  own  leaf  or  cotyle- 
don. Tbe  monoco^ledonous  embryo  is 
equivalent  to  half  the  dicotyledonous,  and 
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tlMTcfore  flxbtbita  the  nmplest  csm.  It  d«T«1op«s  one  primtiy 
phjrton  in  germination  (Pig.  168,  a),  this  a  second  {b),  this  a  third 
(c),  and  80  on ;  each  like  the  preceding,  only  succeBsively  lai^r 
and  more  vigoroos  as  the  plant  thus  multipltes  its  organs;  except 
that  the  primary  one  alone  grows  downwards  into  a  root  in  the 
first  instance.  But  the  others  mingle  their  woody  tissues  with 
those  of  the  older  pbytons  beneath,  and  thus  draw  up  their  portion 
of  the  liquid  which  the  primary  root  imbibes.  They  may  likewise 
send  forth  secondary  roots  of  their  own,  to 
establish  a  direct  communication  wilh  the  soil 
(as  in  Fig.  168,  b).  This  they  commonly  do 
when  in  contact  with  the  soil  (130),  and  not 
rarely  when  mised  to  some  distance  above  it 
(181) :  or  they  may  be  made  to  strike  root 
and  live  iodependenlly,  when  taken  olTos  cut- 
tings (227).  When  the  dicotyledonous  em- 
bryo goes  on  to  develope  double  phytons,  like 
itself,  each  node  bears  a  pair  of  leaves  (as  in 
Fig.  101-104),  or,  in  botanical  description, 
the  leaves  are  said  to  be  oppotUe ;  as  they  are 
in  the  Maple,  in  the  Mint  Family,  &c.  But 
quite  as  frequently  the  phytons  become  dis- 
joined or  simple  after  the  first  or  second,  each  "* 
bearing  a  single  leaf  only  ;  so  that  the  leaves  become  aiUnuSU, 
just  as  in  those  from  the  monocotyledonous  embryo,  except  that  they 
are  there  alternate  from  the  very  first  This  occurs  in  the  Apple, 
Ctterry  (Fig.  169),  and  numberless  other  inatances. 

332.  The  same  analysis  applies  to  axillary  buds  and  branches. 
Id  moat  of  our  trees  and  shrubs  these  buds  acquire  considerable 
complexity  before  they  begin  to  unftdd  (144),  and  then  grow 
almost  simultaneously  :  but  in  some  of  them,  as  in  most  annual 
herbs,  the  axillary  phytons  begin  to  develope  one  by  one. 

Flo.  lOS.    OtrmlDitloooflhiClMiir;  tb*  1m>i*  alUroMa  iAm  Ih*  Em  lair,  nt  ukjIoIdu. 
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CHAPTER  V. 

OF    THE    LEAVES. 

Sect.  I.    Theik  AR&A^GEHE^T.     (Phtllotaxis,  etc.) 

S33.  The  randamflntal  organs  of  the  vegetable,  namely,  the 
not,  stem,  and  leaves,  are  so  intimately  associated  and  mutually 
dependent,  that  the  structure  and  oflice  of  no  one  of  them  can  be 
separately  treated  of.  The  stem,  in  particular,  cannot  be  under- 
stood apart  from  the  leaves.  It  has  accordingly  been  necessary  to 
anticipate  several  of  the  leading  points  of  the  present  chapter.  Aa 
to  the  general  office  of  leaves  in  the  vegetable  economy,  it  has 
been  assumed  that  the  leaf  is  an  apparatus  in  which,  under  the 
agency  of  sunlight,  the  sap  is  digested,  and  converted  into  the 
pTOfter  Dourisbment  of  the  plant  (79,  114).  As  to  their  situation 
npcm  die  stem,  it  has  been  stated  that  they  invariably  arise  from 
Ae  nodes  (141),  just  below  the  point  where  buds  appear  (146). 
So  that  wherever  a  bud  or  branch  is  found,  a  leaf  exists,  or  has 
existed,  either  in  a  perfect  or  rudimentary  state,  just  beneath  it ; 
and  buds  (and  therefore  branches),  on  the  other  hand,  are  or  may 
be  developed  in  the  axils  of  ell  leaves,  and  do  not  normally  exist 
in  any  other  sitnation.  And  finally,  the  relation  of  leaves  to  the 
wood  and  the  general  structnre  of  the  stem  has  just  been  noticed 
(324-231).  From  its  natural  connection  with  that  topic.  It  will 
be  most  convenient  first  to  consider  their  arrangement  on  the  stem. 
Tbia  subject,  which  has  of  late  been  elaborately  investigated,  has 
received  the  name  of 

234.  Phfltotllll  (from  two  Greek  words,  signifying  kaf-arrange- 
wtetU).  We  can  here  only  briefly  illustrate  the  general  laws  which 
appear  to  regulate  the  arrangement  of  leaves  on  the  stem,  as  man- 
if^ted  !n  the  several  modes  which  are  of  ordinary  occurrence. 

235.  The  point  of  attachment  of  a  leaf  (or  other  oi^an)  with  the 
stem  is  termed  its  insertion. 

236.  In  botanical  descriptions,  leaves  are  said  to  be  altemale 
(149),  when  there  is  only  one  to  each  node  or  phyton,  as  in  Fig. 
168,  in  which  case  the  successive  leaves  are  thrown  alternately  to 
different  sides  of  the  stem :  they  are  said  to  be  opposite  when  each 
node  bean  a  pair  of  leaves  (149,  331),  in  which  case  the  two 


,y  Google 


143  MU  LUVEB. 

leaves  alirB.}rs  diverge  from  each  other  u  widely  as  possible,  that 
is,  they  stand  on  opposite  sides  of  the  stem  and  point  in  opposite 
directions  (Fig.  107,  104)  :  or  they  are  vertieiSate  or  lohorled, 
when  there  are  three  or  more  leaves  in  a  circle  {verticil  or  whorl) 
upon  each  node  ;  in  which  case  the  several  leaves  of  the  cirele  di- 
verge from  each  other  as  much  as  possible,  or  are  equably  distrib> 
Uted  around  the  whole  circumference  of  the  axis.  The  first  of  the 
three  is  the  simplest  as  well  as  the  commoDest  method,  occurring 
as  it  does  in  almost  every  Monocolyledonous  plant  (where  it  is 
plainly  the  normal  mode.  Fig.  168),  and  in  the  larger  aumber  of 
Dicotyledonous  plants  likewise,  afler  the  first  or  second  nodes,  it 
should  therefore  be  first  examined, 

237.  AltolBtle  l«lTn>     This  general  term,  which  commonly  suf- 
,„  fices  in  descriptive  botany,  obviously  com- 

prises a  variety  of  modes.  There  is,  first, 
the  case  to  which  the  name  is  strictly  ap- 
plicable, namely,  where  the  leaves  are 
altemalely  diapoted  on  exactly  oppo»iU 
tides  of  the  ttem  (as  in  Fig.  168) ;  the 
second  leaf  being  thrown  to  the  side  far- 
thest from  the  first,  while  the  ihird  is- 
equally  removed  from  the  direction  of  the 
second,  and  is  consequently  placed  directly 
over  the  first,  the  fourth  stands  over  the 
second,  and  so  on  throughout  Such  leaves 
are  accordingly  dittiehoiu  or  two-ratiked. 
They  form  two  vertical  raws  :  on  one  side 
is  the  series  1,  3,  5, 7,  &c. ;  on  the  t^- 
posite,  the  series  2,  4,  6,  8,  and  so  on. 
This  mode  occurs  in  all  Grasses,  in  many 
other  Monocolyledonous  plants,  and  among 
the  Dico^ledonous  in  the  Linden.  A.  sec- 
ond variety  of  alternate  leaves  is 

238.  The  irittichotu  or  three-ranked  v- 
rangement,  which  is  seen  in  Sedges  (Pig. 
'"  170)    and  some  other  Monocotyledonoui 

plants.    Taking  any  leaf  we  please  to  begin  with,  and  numbering 

Pia.  im  Plan  oT  ■  lUlk,  wlih  thi  ahsuUDi  bUMoTUn  l«rM 
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ii  1,  we  paaa  round  one  third  of  the  ciroumfemtce  of  tbd  Mem  u 
we  esccnd  to  leaf  No.  3;  sDotber  third  of  the  ciicumfereoct 
brioga  us  to  No.  3 ;  aDother  brings  us  roDod  to  »  line  with  No. 
1,  exactly  over  which  No.  4  is  placed.  No.  5  ia  in  like  manner 
orer  No.  2,  and  bo  on.  They  stand,  therefore,  in  three  vertical 
rows,  one  of  which  contains  the  numbers  1,  4, 7,  10;  another,  3, 
5,  8,  11;  the  third,  3,  6,  9,  13,  end  so  on.  If  we  draw  a  line 
from  the  insertioD  of  one  leaf  to  that  of  the  next,  and  so  on  to  the 
diint,  fourth,  and  the  rest  in  succession,  it  will  be  perceived  that  it 
winds  around  the  stem  spirally  as  it  ascends.  In  d>e  distichom 
mode  (337),  the  second  leaf  ia  separated  from  the  preceding  by  half 
the  circumference  of  the  stem ;  and,  having  completed  cme  turn 
round  ibe  stem,  the  third  begins  a  second  turn.  In  the  tristichouB, 
nach  leaf  is  separated  from  the  preceding  and  succeeding  by  one 
Aird  of  the  circumference,  there  are  three  leaves  m 

in  one  turn,  or  eyeU,  and  the  fourth  comnwncea 
a  second  cycle,  which  goes  on  in  the  same  way. 
That  b,  the  angular  divergence,  or  size  of  the 
arc  interposed  between  the  insertion  of  two  suc- 
cessive leaves,  in  the  first  is  j,  in  the  second  ^, 
of  the  circle.  These  fractions  severally,  repre- 
sent, not  only  the  angle  of  divergence,  but  the 
whole  plan  in  these  two  modes ;  the  numerator 
denoting  the  number  of  times  the  spiral  line 
winds  round  the  siem  before  it  brings  a  leaf  di- 
rectly over  the  one  it  began  with ;  white  the  de- 
nominator expresses  the  number  of  leaves  that 
are  laid  down  in  this  course,  or  which  form  each 
cycle.  The  two-ranked  mode  (^)  is  evidently 
the  simplest  possible  case.  The  three-ranked  i 
(})  is  the  next,  sim]  the  one  in  which  the  spiral  I II  4  Ij 

character  of  the  arrangement  begins  to  be  evi-   \V  J^ 

dent.   It  is  further  illustrated  in  the  next,  namely,      ^^^— rS*^ 

339.  The  petttaitiehtnu,  qmnewncial,  m  five-  ■?* 

ranked  arrangement  (Fig.  172).    This  is  much  the  most  comnxHi 
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case  in  altemats-leaTed  DicotrledonouB  plants.  The  Apple,  Cher- 
rj^,  and  Poplar  afibrd  ready  examplea  ot  it.  Here  there  are  fire 
leaves  in  each  cycle,  since  we  must  pass  on  to  the  sixth  berore  we 
find  one  placed  rertically  orer  the  fint  To  reach  this,  the  as- 
cending spiral  line  has  made  two  revolutions  round  the  stem,  and 
on  it  the  five  leaves  are  equably  distribnied,  at  intervals  of  f  of 
die  cirouroference.  The  fraction  {  accordingly  expreasea  the  ao- 
golar  divei^nce  of  die  successive  leaves ;  the  numerator  indicates 
the  number  of  tarns  made  in  completing  the  cycle,  and  the  de- 
Dominator  gives  the  number  of  leaves  in  the  cycle,  or  the  number 
of  vertical  ranks  of  leaves  on  such  a  stem.  If  we  shorten  the 
axis,  as  it  was  in  the  bud,  or  make  a  borixootal  plan,  we  have  the 
parts  disposed  as  in  die  diagram,  Fig.  173,  the  lower  leaves  being 
of  course  the  exterior. 

S40.  The  eight-ranked  arrangement,  the  next  in  order,  is  like- 
wise not  uncommoD.  It  is  found  in  the  Holly,  the  Callistemon  of 
our  coQservatoriea,  the  Aconite,  the  tufl  of  leaves  at  the  base  of  die 
common  Plantain,  &c.  In  this  case  the  ninth  leaf  is  placed  over 
the  first,  the  tenth  over  the  second,  and  so  on  ;  and  the  spiral  line 
makes  three  turns  in  la3ring  down  the  cycle  of  eight  leaves,  each 
separated  from  the  preceding  by  an  arc,  or  angular  divergence  of 
-}  of  the  c ire umfe ranee. 

241.  All  these  modes,  or  nearly  all  of  them,  were  pointed  out 
by  Bonnet  as  long  ago  as  the  middle  of  the  last  century ;  but  they 
have  recently  been  extended  and  generalized,  and  the  mutual  re- 
lations of  the  various  methods  brought  to  light,  by  sagacious  recent 
researches,  principally  those  of  Schlmper  and  Braun.  If  we  write 
down  in  order  the  series  of  fractions  which  represent  the  simpler 
forms  of  phyllolaxts  already  noticed,  as  determiaed  by  observadon, 
viz.  i,  i,  f ,  i,  we  can  hardly  fail  to  perceive  the  relation  that  they 
bear  lo  each  other.  For  the  numerator  of  each  is  composed  of  the 
sum  of  the  numerators  of  the  two  preceding  fractions,  and  the  de- 
nominator of  the  sum  of  the  two  preceding  deoominatora.  (Also 
the  numerator  of  each  fraction  is  the  denominator  of  the  next  but 
one  preceding.)  We  may  carry  out  the  series  by  applying  this 
simple  law,  when  we  obtain  the  further  terms,  ^,  g\,  ^,  f  ^,  Sec 
Now  these  numbere  are  those  which  are  actually  verified  by  obser- 
vation, and,  with  some  abnormal  exceptions,  this  series  comprises 
all  the  cases  that  occur.  These  higher  forms  sre  the  most  common 
where  die  leaves  are  crowded  on  the  stem,  as  in  the  roseues  of  die 
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Houseleek  (Fig.  174),  and  the  scales  of  Pine-cones  (for  the  ar- 
raogement  extends  to  all  parts  that  are  modi- 
fications of  leaves),  or  where  they  are  numer- 
OU9  and  small  in  proportion  to  the  circumference  £ 
of  the  slcm,  as  the  leaves  of  Firs,  6i.c.  In  fact, 
when  llie  inlcmodes  are  long  and  the  base  of  ihe  ^ 
leaves  large  in  proportion  to  the  size  of  the  stem, 
it  is  diflicult,  and  oflen  impossible,  to  tell  whether 
the  8lh,  13lh,  or  Slat  leaf  stands  exactly  over 
the  first.     When,  on  the  other  hand,  the  inter-  "' 

nodes  are  very  short,  so  that  the  leaves  touch  one  another,  or 
nearly  so,  we  may  readily  perceive  what  leaves  are  superposed  ; 
but  it  is  then  difficult  to  follow  the  succession  of  the  intermediate 
leaves.  When  this  cannot  be  directly  done,  however,  the  order 
may  be  deduced  by  simple  processes. 

242.  Sometimes  we  can  readily  count  the  number  of  vertical 
ranks,  which  gives  the  denominator  of  the  fraction  sought.  Thus, 
if  there  are  eight,  we  refer  Ihe  case  to  the  j  arrangement  in  the 
regular  series ;  if  there  are  thirteen,  to  the  -^^  arrangement,  and 
•0  on. 

243.  Commonly,  however,  when  the  leaves  are  crowded,  the 
vertical  ranks  are  by  no  means  so  manifest  as  two  or  more  orders 
of  oblique  series,  or  aecotidary  apiralt,  which  are  at  once  seen  to 
wind  round  the  axis  in  opposite  directions,  as  in  the  Houseleek 
(Fig.  174  ;  where  the  numbers  1,6,  11  belong  to  n  spire  that  winds 
to  the  left,  1,9,  17  to  another,  which  winds  to  the  right,  and  3,  6, 
9,  12  to  still  another,  that  winds  in  the  same  direction) :  they  are 
still  more  obvious  in  Pine-cones  {Fig.  175,  176).  These  oblique 
spiral  ranks  are  a  necessary  consequence  of  the  regular  ascending 
arrangement  of  parts  with  equal  intervals  over  the  circumference 
of  the  axis :  and  if  the  leaves  are  numbered  consecutively,  these 
numbers  will  necessarily  stand  in  arithmetical  progression  on  the 
oblique  ranks,  and  have  certain  obvious  relations  with  the  primary 
spiral  which  originates  them ;  as  will  be  seen  by  projecting  them 
on  a  vertical  plane. 

244.  Take,  for  example,  the  quincuncial  (^)  arrangement, 
where,  as  in  the  annexed  diagram,  the  ascending  spiral,  as  written 
on  a  plane  surface,  appears  in  the  numbers  I,  2,  3,  4,  5,  6,  and 
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00  on :  the  vertical  ranka  thus  formed,  beginniDg  with  the  lowest 
(which  we  place  in  the  middle  column  that  it      u 
may  correspond  with  the  Larch-cone,  Fig.        w 
175,  where  the  lowest  scale,  1,  is  turned  di-      h  ' 
rectly  towards  the  observer),  are  necessarily  • 

the  numbers  1,6,  11;  4,9, 14;  2,  7, 12;  5,       ,     ' 
10,  15;  and  3,  6,  13.     But  two  parallel  ob.  t 

lique  ranks  are  equally  apparent,  ascending  to 
the  left;  viz.  1,3, 5,  which,  if  we  coil  the  diagram  round  a  cylinder, 
will  he  continued  into  7,  9,  11,  13,  15;  and  also  2,4,6,8,  10, 
which  runs  into  12, 14,  and  so  on,  if  the  asis  be  further  prolonged. 
Here  the  circumference  is  occupied  by  two  secondary  leA-hand 
series,  end  we  notice  that  the  common  diflerence  in  the  sequence 
of  numbers  is  two :  thai  is,  the  number  of  the  parallel  secondary 
spirals  is  the  same  as  the  common  difierence  of  tiie  oumbera  on 
the  leaves  that  compose  them.  Again,  there  are  other  parallel  sec- 
ondary spiral  ranks,  three  in  number,  which  ascend  to  the  right ; 
viz.  1,  4,7,  continued  into  10,  13;  3,  6,  9,  12,  continued  into 
16;  and  5,8,  II,  14,&«.;  where  again  the  common  difference, 
3,  accords  with  the  number  of  such  ranks.  This  fixed  relation 
enables  us  to  lay  down  the  proper  numbers  on  the  leaves,  when 
too  crowded  for  directly  following  their  succession,  and  thus  to 
ascertain  the  order  of  the  primary  spiral  series  by  noticing  what 
numbers  come  to  be  superposed  in  the  vertical  ranks.  We  take, 
for  example,  the  very  simple  cone  of  the  small-fruited  American 
Larch  (Fig.  175),  which  usually  completes  only  two  cycles;  for 
we  see  that  the  bwest,  one  intermediate,  and  the  highest  scale,  on 
the  side  towards  the  observer,  stand  in  a  vertical  row.  Marking  this 
lowest  scale  1 ,  and  counting  the  parallel  secondary  spirals  that  wind 
to  the  left,  we  find  that  two  occupy  the  whole  circumference. 
From  1,  we  number  on  the  scales  of  that  spiral  3,  5,  7,  and  so  on, 
adding  the  common  difference,  2,  at  each  step.  Again,  counting 
from  the  base  the  right-hand  secondary  spirals,  we  find  three  of 
tbero,  and  therefore  proceed  to  number  the  lowest  one  by  adding 
this  common  difierence,  viz.  1,  4,  7,  10;  then,  passing  to  the 
next,  on  which  the  number  3  has  already  been  fixed,  we  carry 
on  that  sequence,  6, 9,  &c. ;  and  on  the  third,  where  No.  5  is  al- 
ready fixed,  we  continue  the  numbering,  8, 1 1,  &c.    This  gives  us, 

FIO,  17S.    A  coH  of  1h«  •n»ll-fnili*d  Amsrleu  lAreh  (I^rii  mlenicanM),  wiLh  the  •Ufa* 
DUDilMnil,  KihilHiiDf  Iha  ai*-iuked  ■mnsaoMtil,  u  Id  (h*  iniMBil  dtignm. 
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in  tbe  vertical  rank  to  which  No.  1  belongs,  the  sequence  1,  6,  11, 
ahowrog  [hat  the  arrangement  is  of  the  quincuncial  (|)  order,  h 
is  further  noticeable,  that  the  smaller  number  of  parallel  secondary 
spirals,  2,  agrees  with  the  numerator  of  the  fraction  in  this  the  { 
arrangement ;  and  that  this  number  added  to  that  of  the  parallel 
secondary  spirals  which  wind  in  tbe  opposite  direction,  viz.  S, 
gives  the  denominator  of  the  fraction.  This  holds  good  through- 
out ;  so  that  we  have  only  to  count  the  number  of  parallel  second- 
ary spirals  in  the  two  directions,  and  assume  the  smaller  number 

Yaiicai  PTOjedum  Vertical  Pnjtctim   of  t/u   ^ 

oflKe  I  Armn^  ArraKgoKaa. 


M  the  numerator,  and  the  sum  of  this  and  the  larger  number  as  tbe 
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denominator,  of  the  fraction  which  expresses  ibe  angular  diver- 
gence sought  For  this  we  must  take,  however,  the  order  of  sec- 
oodary  spirals  nearest  the  vertical  rank  in  each  direction,  when 
there  are  more  than  two,  as  there  are  in  all  the  succeeding  cases. 
345.  A  similar  diagram  of  the  }  arrangement  introduces  a  set 
of  secondary  spirals,  in  addition  to  the  two  foregoing,  ascending 
tn  a  nearer  approach  to  a  vertical  line,  and  with  a  higher  common 
difference,  viz.  5.  There  are  accordingly  five  of  this  sort,  viz. 
those  indicated  in  the  diagram  by  the  series  1,  6,  II,  16 ;  4, 9, 
14,  19, 24  ;  2, 7,  12, 17, 22  j  5,  )0,  15,  20,  25  ;  and  3,  8,  13,  18, 
23.  The  highest  obvious  spiral  in  the  opposite  direction,  viz.  that 
of  which  the  series  1,  4,  7,  10,  13  is  a  specimen,  has  ihe  common 
diSerence  3,  and  gives  the  numerator,  and  3-^5  the  denominator, 
of  the  fraction  g.  The  next  case,  ^,  which  is  exemplilied  in  the 
rosettes  of  the  Houseleek  ( Fig.  174)  and  in  the  cone  of  llie  White 
Pine  (Fig.  176),  introduces  a  fourth  set  of  secondary  spirals,  eight 
in  Dumber,  with  the  common  difference  eight,  viz.  that  of  which 
the  series  1,  9,  17,  25  is  a  representative.  The  set  that  answers 
to  this  in  the  opposite  direction,  viz.  1,  6,  II,  16,  21, 26,  with  the 
common  difference  5,  gives  the  numerator,  and  5  -f-  8  the  denomi- 
nator, of  the  fraction  -fj.  We  may  here  compare  the  diagram 
with  an  actual  example  (Fig.  176) :  a  part  of  the  numbera  are  of 
course  out  of  sight  on  the  other  side  of  the  cone.  The  same  laws 
equally  apply  to  the  still  higher  modes. 

246.  The  order  is  uniform  in  the  same  species,  but  often  vari- 
ous in  allied  species.  Thus,  it  is  only  ^  in  our  common  American 
Lah:h  ;  in  the  European  species,  tfj.  The  White  Pine  is  i^,  as  ia 
also  (he  Black  Spruce  ;  but  other  Pines  with  thicker  cones  exhibit 
in  different  species  the  fractions  ^[-,  j{,  and  |^.  Sometimes  the 
primitive  spiral  ascends  from  left  to  right,  sometimes  from  right  to 
left.  One  direction  or  the  other  generally  prevails  in  each  species, 
yet  both  directions  are  not  unfrequently  met  with  even  in  the  same 
individual  plant. 

247.  But  when  a  branch  springs  from  a  stem  or  parent  axis,  the 
spiral  is  found  to  be  continued  directly  from  the  leaves  of  the 
stem  to  those  of  the  branch,  so  that  the  leaf  from  whose  axil  the 
branch  arises  begins  the  spire  of  that  branch.  When  the  spire  of 
the  branch  turns  in  the  same  direction  as  thai  of  the  parent  azia, 
as  il  more  commonly  does,  it  is  said  to  be  hojnodromous  (from 
two  Greek  words,  signifying  like  courte)  :   when  it  turns  in  the 
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diraptMWi  it  is  said  to  be  \eterodromout  (or  of  vtdikt 
course). 

218.  The  cases  represented  by  the  fractions  },  i,  and  f  are  the 
most  stable  and  certain,  as  well  as  the  easiest  to  observe.  In  the 
higher  forms,  tlie  exact  order  of  Buperpoaition  ofVen  becomes  un- 
certain, owing  to  a  slight  torsion  of  the  axis,  or  to  the  difficulty  of 
observing  whether  the  9tfa,  14di,  21st,  35th,  or  56th  leaf  is  di- 
rectly over  the  first,  or  a  lltlte  to  the  one  side  or  the  other  of  the 
vertical  line.  Indeed,  if  we  express  the  angle  of  divergence  in 
degrees  and  minutes,  we  perceive  that  the  difiereDce  is  so  small  a 
part  of  the  circumference,  that  a  very  slight  change  will  substitute 
one  order  for  another.  The  divei^nce  in  -^  =:  138°  24'.  In  all 
those  beyond,  it  is  137°  plus  a  variable  number  of  minutes,  which 
approaches  nearer  and  nearer  to  SO".  Hence  M.  Bravais  considers 
alt  these  as  mere  alterations  of  one  typical  arrangement,  namely, 
with  the  angle  of  diver^nce  IST*  SO*  28",  which  is  irrational  to 
the  circumference,  that  is,  not  capable  of  dividing  it  an  exact  num- 
ber of  times,  and  consequendy  never  bringing  any  leaf  precisely  in 
a  right  line  over  any  preceding  leaf,  but  placing  the  leaves  of  what 
we  lake  for  vertical  ranks  alternately  on  both  sides  of  this  line  and 
very  near  it,  approaching  it  more  and  more,  without  ever  exactly 
reaching  it  Tliese  forms  of  arrangement  he  therefore  distin- 
guishes as  eurviaerial,  because  the  leaves  are  thus  disposed  on  an 
infioite  curve,  and  are  never  brought  into  exactly  straight  ranka. 
The  others  are  correspondingly  termed  reeluerial,  because,  as  the 
diver^nce  is  an  integral  pert  of  the  circumference,  the  leaves  are 
necessarily  brought  into  rectilineal  ranks  for  the  whole  length  of 
the  stem.  Organic  forms  and  arrangements,  it  may  be  observed, 
always  have  a  degree  of  plasticity  and  power  of  adaptation,  even 
ID  their  numerical  relations,  which  approximate,  but  are  never  en- 
tirely restricted  to  mathematical  exoctaeas. 

249.  A  diflerent  series  of  spirals  sometimes  occurs  in  alternate 
leaves,  viz.  ^,  ii  9<  A'  ^'"^  '^"  o^^*^  ^^^^  ^en  met  with; 
but  these  are  all  rare  or  exceptional  cases,  and  do  not  require  to 
be  noticed  here. 

f  250.  OppHito  UbtU  (236).  The  arrangement  of  opposite  leaves 
usually  follows  very  simple  laws.  Almost  without  exception,  the 
second  pair  is  placed  over  the  iotervaU  of  the  first,  the  third  over 
the  intervals  of  the  second,  and  so  on.  More  commonly,  as  in 
plants  of  the  Labiate  or  Mint  Family,  the  successive  pairs  cross 
13* 
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each  other  eiactly  at  right  an^es,  so  thai  the  third  pair  standg  di- 
rectly over  the  first,  the  fourth  aver  the  second,  &c.,  forming  foar 
equidistant  rerticai  ranks  for  the  whole  length  of  the  stem.  la 
this  case  the  leaves  are  said  to  be  dectuiate.  In  other  cases,  as  in 
the  Pink  Family,  it  may  oflen  be  observed  that  the  successive 
pairs  deviate  a  little  from  this  liDe,  so  that  we  have  to  pass  several 
pairs  before  we  find  one  exactly  superposed  over  the  pair  we  start 
with.  This  indicates  a  spiral  arrangement,  which  falls  into  some 
one  of  the  modes  already  illustrated  in  alternate  leaves,  only  that 
here  each  node  beara  a  pair  of  leaves. 

251.  Ttrtiellltto  W  Wbvrled  Lnm  (S36)  follow  the  same  modes  of 
arrangement  as  opposite  leaves.  Sometimes  they  deauiate,  or  the 
leaves  of  one  wborl  correspond  to  tlie  intervals  of  that  underneath, 
making  twice  as  many  vertical  ranks  as  there  are  leaves  in  the 
wborl ;  sometimes  they  wind  spirally,  so  that  each  leaf  of  the 
wborl  belongs  to  as  many  parallel  spirals,  aoalt^us  to  the  second- 
ary spirals  in  the  case  of  alternate  leaves. 

252.  The  opposition  or  alternation  of  the  leaves  is  generally  con- 
stant in  the  same  species,  and  of\en  through  the  same  family ;  yet 
the  transition  from  opposite  to  alternate  leaves  upon  the  same  stem 
is  not  very  rare  :  it  is  seen  in  the  common  Myrtle,  and  the  Snap- 
dragon. All  Exogens,  having  their  cotyledons  or  embryo  leaves 
opposite,  necessarily  commence  with  that  mode  ;  many  retain  it 
throughout ;  others  cbanfie  to  alternation,  either  directly  in  the 
primordial  leaves,  or  at  a  later  period  (231).  In  Endt^ns,  on  the 
contrary,  the  first  leaves  are  necessarily  alternate  (188),  and  it  is 
very  seldom  that  they  afterwards  exhibit  Apposite  or  whorled  leaves. 

253.  Only  one  leaf  arises  from  the  same  organic  poinL  What 
are  called  fascicled  or  tufted  leaves  are  merely  those  of  an  axillary 
branch,  which  is  so  short  that  the  bases  of  the  leaves  are  in 
contact      This  is  plainly  seen  in 

the  Barberry,  where,  ibe  primary 
leaves  hardening  into  a  kind  of 
thorn,  the  bud  in  its  axil  developes 
into  a  branch,  with  very  slight  elon- 
gation of  the  intemodes.  Of  the 
•ame  nature  are  the  fascicled  leaves 
of  the  Pine,  and,  more  evidently,  '" 

of  the  Larch  (Pig.  1T7),  where  the  whole  foliage  of  such  braDcbes 

na  m.    Cluund  «  &«lcl«l  lana  nftha  Uich. 
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■  developed  without  snj  elongation  of  the  axis.  Some  or  theM 
eloDgate  and  grow  on  through  the  summer,  producing  the  growth 
of  the  season,  on  which  the  leaves  are  distributed  so  oa  to  show 
tbeir  natural,  alternate  arrangement. 

254.  Aa  regards  their  position  on  the  stem,  leaves  are  said  to  be 
radical,  when  they  are  inserted  (235)  into  the  stem  at  or  below  the 
mrface  of  the  gronnd,  so  aa  apparcniiy  to  grow  from  the  root,  as 
tboae  of  the  PlaDtain,  Primrose,  and  of  the  acauleacent  (139)  Vio- 
lets :  thoee  that  arise  along  the  main  stent  are  termed  ctmlime ; 
those  of  the  braochcs,  rameal;  and  those  which  stand  upon  or  at 
the  base  of  flower-branches  are  called  _/(oraJ  ;  the  latter,  however, 
are  generally  termed  hraeU. 

S55.  With  respect  to  succession,  those  leaves  which  manifestly 
exist  in  the  embryo  are  called  seminal ;  the  first  or  original  pair 
receiving  the  name  of  Cofy/i>don*(  113),  and  usually  difiering  wide- 
ly in  appearance  from  the  ordiitarg  leaves  which  succeed  them. 
The  earliest  ordinary  leaves,  termed  primordial,  as  well  as  the 
cotyledons,  usually  perish  soon  after  others  are  developed  to  sup- 
ply tbeir  place. 

256.  As  pertaining  to  the  arrangement  of  leaves,  wc  should  here 
DOlice  the  modes  in  which  they  are  disposed  before  expansion  in 
the  bud  ;  namely,  iheir 

257.  ?enatim  W  PraMitHaa.  The  latter  is  the  most  character- 
inic  name,  but  the  former,  given  by  Linnteus  (literally  denoting 
their  spring  state),  is  the  more  ancient  and  usual.  Twn  things  are 
included  under  this  head :  —  1st,  the  mode  in  which  each  leaf  con- 
sidered separately  is  disposed  ;  2d,  the  arrangement  of  the  several 
leaves  of  the  same  bud  in  respect  to  each  other.  This  lost  is  evi- 
dently connected  with  phyllotaxis,  or  their  position  and  order  of 
succession  on  the  stem.  As  to  the  first,  leaves  are  for  the  moat 
part  either  bent  or  folded,  or  rolled  vp  in  vernation.  Thus,  the 
vpper  half  may  be  bent  on  the  lower,  so  that  the  apex  of  the  leaf 
is  brought  down  towards  (he  base,  aa  in  the  Tulip-tree,  when  the 
leaves  are  infiexed  or  reclinate  in  vernation ;  or  the  leaf  may  be 
folded  along  its  midrib  or  axis,  so  that  the  right  half  and  the  left 

ihalf  are  applied  together,  as  in  the  Oak  and  the  Magnolia,  when 
the  leaves  are  eondvplieale ;  or  each  leaf  may  be  folded  up  a  oer- 
tain  number  of  times  like  a  fan,  as  in  the  Maple,  Currant,  and  Vine, 
when  they  are  said  to  be  plicaU  or  pUiUd.  The  leaf  may  be 
lUled  either  parallel  with  ita  axis,  or  on  iu  axis.    lo  the  latter  easa 
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it  is  spinilly  rolled  up  from  the  apex  (owards  tbe  haao,  like  a  ckh 
■ier,  or  cireinwUe,  tia  in  true  Ferns  (see  tbe  young  leaves  ia  Fig. 
94),  and  amoog  Plueuoganwus  plants  in  tbe  Droeera  or  Sundew. 
Of  the  former  there  are  three  ways ;  tiz.  tbe  wbcde  leaf  may  be 
laterally  rolled  up  from  one  edge  into  a  coil,  with  the  other  edge 
exterior,  when  tbe  leaves  are  said  to  be  convolute,  aa  in  the  Apri- 
cot and  Cherry  ;  or  both  edges  may  be  equally  rolled  towards  tbe 
midrib ;  either  inwards,  when  they  are  imtoliUt,  as  in  the  Violet 
and  the  Water-Lily ;  or  elae  outwards,  when  tbey  are  repolute,  as 
in  the  Rosemary  and  Azalea. 

358.  Considered  relatively  to  each  other,  leaves  are  vahaU  in 
vernation  when  correspooding  ones  touch  each  other  by  Ibeir 
edges  only,  without  overlapping :  they  are  imhriteUd  when  die 
outer  successively  overlap  the  inner,  by  their  edges  at  least,  in 
which  case  the  order  of  overlapping  exhibiia  the  phyllolaxis,  or  or- 
der of  succession  and  position.  In  these  cases  the  leaves  are  plane 
or  convex,  at  least  not  much  bent  or  rolled.  When  leaves  with 
their  margins  involute  are  applied  together  in  a  circle  without  over- 
lapping, the  vernation  is  induplieate.  When  in  condupUcste  leaves 
the  outer  successively  embrace  or  sit  astride  of  those  next  within, 
the  vernation  is  equilant,  as  the  leaves  of  the  Iris  at  their  base : 
Off  when  each  receives  in  Its  fold  the  half  of  a  correspooding  leaf 
folded  in  the  same  manner,  the  vernation  is  kalf-equitanl  or  ob- 
volute.  These  terms  equally  apply  to  leaves  in  their  fiill-growD 
condition,  whenever  they  are  then  folded  or  placed  so  as  to  overlie 
or  embrace  one  another.  They  likewise  apply  to  the  parts  in  the 
flower-bud,  under  the  name  of  oestivation  or  prteAaration. 


Sect.  II.    Tbeib  Structure  and  Confobmatiok. 

259.  iDBtamy  0(  the  Leaf.  The  complete  leaf  consists  of  tbe 
Blade  (Lamina  or  Limb),  with  its  Petiole  or  Leofsialk,  and 
at  its  base  a  pair  of  Stipules.  Of  these  the  latter  are  frequently 
absent  altogether,  or  else  they  fall  away  as  the  leaf  expands ;  the 
petiole  is  very  often  wanting,  when  the  leaf  is  »anle,  or  has  its 
blade  resting  immediately  on  the  stem  that  bears  it.  Sometimes^ 
moreover,  there  is  no  proper  blade  or  expanded  portion,  but  the 
whole  organ  is  cylindrical  or  stalk-like.  It  is  the  general  charac- 
teristic of  the  leaf,  however,  that  it  is  an  expanded  body.  Indeed, 
it  may  be  viewed  as  a  cootrivaoce  for  increasing  tbe  green  surface 
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of  a  plant,  so  as  to  expose  to  the  light  and  air  the  greatest  practi- 
cable amouDt  of  parenchyma  containing  ihe  green  mailer  of  vegC' 
Ution  {chlorophyll,  87),  upon  which  the  light  exerte  its  peculiar  ac- 
tioD.  In  a  general,  mechanical  way,  it  may  be  said  leaves  are  defi' 
Dile  protrusions  of  the  green  layer  of  the  bark,  expanded  borizon< 
laity  into  thin  lamina,  end  stiffened  by  tough,  woody  fibres  (< 
nected  both'  with  the  liber,  or  inner  bark,  and  the  wood),  which  form 
its  framework,  rihs,  or  vtitu.  Like  the  stem,  therefore,  the  teal 
n  made  up  of  two  distinct  parts,  the  cellular  and  the  looody.  The 
cellular  portion  is  the  green  pulp  or  parenchyma :  the  woody,  is 
the  skeleton  or  framework  which  ramifies  among  and  strengthens 
the  former. 

S80.  The  woody  or  fibrous  portion  fulfils  the  same  purposes  in 
tbe  leaf  as  in  tlie  stem,  not  only  giving  firmness  and  support  to  the 
delicate  cellular  apparatus,  but  also  serving  for  the  conveyance  and 
distribuiinn  of  the  sap.  The  subdivision  of  these  ribi,  or  veins,  of 
the  leaf,  as  they  are  not  inappropriately  called,  continues  beyond 
tbe  limits  of  unassisted  vision,  until  tbe  bundles  or  threads  of  woody 
tissue  are  reduced  to  nearly  separate  fibres,  ramified  throughout  tbe 
green  pulp,  so  as  to  convey  to  every  portion  the  sap  it  consumes. 

261.  The  cellular  portion,  or  parenchyma,  of  the  leaf  is  not  a 
structureless,  pulpy  mass,  such  as  it  appears  to  the  naked  eye. 
The  ehloropliyll  (87),  to  which  the  green  color  is  entirely  owing, 
and  which  consists  of  innumerable  rounded  globules,  is  all  inclosed 
in  cells  of  lax  parenchyma  (51)  ;  and  these  cells  are  not  heaped 
promiscuously,  but  exhibit  a  regular  arrangement ;  upon  a  plan, 
loo,  which  varies  in  difierent  parts  of  the  leaf,  according  to  the  dif- 
ferent conditions  in  which  it  is  placed. 

262.  Leaves  are  almost  always  expanded  horizontally,  so  as  to 
present  one  surface  to  the  ground  and  the  other  to  the  sky  ;  and 
Ihe  parenchyma  forms  two  general  strata,  one  belonging  to  the 
upper  and  the  other  to  (he  lower  side.  The  microscope  displays  a 
manifest  difierence  in  the  parenchyma  of  these  two  strata.  That 
of  tbe  upper  stratum  is  composed  of  one,  two,  three,  or  several 
Nmpacl  layera  of  oblong  cells,  placed  endwise,  or  with  their  long 
Aameter  perpendicular  to  the  surface  ;  while  that  of  the  lower  is 
very  loosely  arranged,  leaving  numerous  vacant  spaces  between 
the  celts  ;  and  when  the  cells  are  oblong,  their  longer  diameter  is 
parallel  with  the  epidermis.  This  Is  shown  in  Pig  7,  which  re- 
preaeots  a  magnified  section  through  Ihe  thickness  (perpendicular 
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to  the  surface)  of  a  leaf  of  the  Star-Anise  of  Florida;  where  the 

upper  stratum  of  parenchyma  consists  of  only  a  single  series  of 

perjwndicular  cells.     Also   in 

Fig.    178    (after    Brongniart), 

which  represents  a  similar  view 

of  a  thin  slice  of  a  leaf  of  the 

Gartlen     Balsam.      Fig.    179 

represents    a    similar    section 

through  the  thickness  of  a  leaf 

of  the  White  Lily ;  where  ihe 

upper  stratum  is  composed  of 

only  one  compact  layer  of  ver-  m 

tical  cells.    The  parenchyma  is  alone  represented ;  the  woody  por- 

tion,  or  veins,  being  left  out.     The  structure  shows  why  the  upper 

surface  of  leaves  is  of  a  deeper  green  than  the  lower. 

263.  The  object  which  this  arrangement  subserves  will  appear 
evident,  when  we  consider  that  the  spaces  between  the  cells,  filled 
with  air,  communicate  freely  with  each  other  throughout  the  leaf, 
and  also  with  the  external  air  (by  means  of  holes  in  the  epidermis 
presently  to  be  described) ;  and  when  we  consider  the  powerful 
action  of  the  sun  to  promote  evaporation,  especially  in  dry  air,  and 
that  Ihe  thin  walls  of  the  cells,  like  all  vegetable  membrane,  allow 
of  the  free  escape  of  the  contained  moislure  by  transudation.  The 
compactness  of  the  cells  of  that  stratum  which  Is  presented  immedi- 
ately to  the  sun,  and  their  vertical  elongation,  so  that  each  shall 
expose  the  least  possible  surface,  obviously  serve  to  protect  the 
loose  parenchyma  beneath  from  the  too  powerful  action  of  direct 
sunshine.  This  provision  is  the  more  complete  in  the  case  of 
plants  indigenous  to  arid  regions,  where  the  soil  is  usually  so 
parched  during  the  dry  season,  that,  for  a  long  period,  it  affords 
only  the  scantiest  supply  of  moisture  to  the  roots.  Compare,  in 
this  respect,  the  leaf  of  the  Lily  (Fig.  179),  where  the  upper  stra- 
tum contains  but  a  single  layer  of  barely  oblong  cells,  whh  that  of 
the  Oleander  (which  is  obliged  to  stand  a  season  uf  drought),  the 
upper  stratum  of  which  consists  of  two  layers  of  long  and  narrow 
vertical  cells  as  closely  compacted  as  possible  (Fig.  184).  S« 
different  is  the  organization  of  the  two  strata,  that  a  leaf  soon  per- 
ishes if  reversed  so  as  to  expose  the  lower  surface  to  direct  sunshine. 

no.  17B  Migiilflod  Kctlon  through  Ihg  ihickDM  of  b  luf  of  Iha  Oudan  BilHm ;  a,  hc- 
thm  of  Ills  tpldsnnla  o(  tho  upptr  wrtau  ^  i,  at  itw  uppai  luilum  of  fUBChrou ;  c,  of  ;ta 
lOHMnnium;  d,  oribsifildMiiilsor  ih*  lowM  nirfiic*. 
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364.  A  further  and  mdre  efTectual  provision  for  reBtntining  the 
perspiration  of  leaves  within  due  limits  is  found  in  the  epidermis, 
or  skin,  that  invests  the  leaf,  as  it  does  the  whole  surface  of  the  veg- 
etable, and  which  is  so  readily  detached  from  the  succulent  leaves 
of  such  plants  as  the  Stone-crop  and  the  Live-for-ever  (Sedum) 
of  the  gardens.  The  Epidekmis  (69)  is  composed  of  small  cells 
beAiging  to  the  outermost  layer  of  cellular  tissue,  wilh  the  pretty 
thick-sided  walls  very  strongly  coherent,  so  as  to  form  a  firm  mem- 
brane. Its  cells  usually  contain  no  chlorophyll.  In  ordjnaiy 
herbs  that  allow  of  ready  evaporation,  this  menibrane  is  made  up 
of  a  single  layer  of  cells ;  as  in  the  Lily,  Fig.  179,  and  the  Balsam, 
Pig.  176.  It  is  composed  of  two  layers  in  cases  where  one  might 
prove  insutRcient ;  and  in  the  Oleander,  besides  the  provision  al- 
ready described,  the  epidermis  consists  of  three  layers  of  very 


thick-sided  cells  (Fig,  1S4).  It  is  generally  thick,  or  hard  and 
impermeable,  in  the  firm  leaves  of  iho  Pittosporum,  Laurustinua, 
&c.,  which  will  thrive,  for  this  very  reason,  where  other  plants  are 
liable  to  perish,  in  the  dry  atmosphere  of  our  rooms  in  winter. 

no.  179.  Matnlled  Hcllon  through  Ihe  tbtelnw«  of  Itie  InT  of  Ihe  Whiu  Lilf,  ahowtnr 
M  qridannk  of  both  Mvrbam ;  it»  Idkh  [itorml  with  Romu.  (ARn 
)  of  thg  cells  of  Ihc  upper  aLcaLuDi  of  paraDcbjrmi,  detacbAd  and  atan 
mifniGsd.  ihowing  the  conliiood  gr>lilsof  chlorophjil. 

FIG.  ISl.  Hacnifiad  ricw  oflbg  lO.OUUlh  pan  Dfnaquiin  loch  of  Ihs  aliWsnidi  of  the  lown 
fiBbu  of  the  While  Lllr,  wilh  Iho  rtoiMli,  or  breiihing  porw,  it  beara.  TbMe  in  unluuiUr 
krge  In  ihe  Lilf .    Ooe  ii  ihonii  nun  magnifleil  in  Frg.  Iii2 :  ud  wldgij  open  in  Fig.  1S3. 

FIQ,  181.  HifpilllDd  perpendtculu  wcllon  llirough  llie  thicknen  ofiiie  epldennls  end  upptt 
Mnliun  of  pannchTina  in  the  leaf  of  the  Oieaniler  (nfler  Brongniin) ;  ahowlnf  Ibe  eplderml* 
sf  Ihne  iMjm  of  iblek^aldnt  cell*,  ind  the  upper  punnchjina  of  rer;  compaci  Tenkal  celli. 
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265.  In  Buch  firm  leaves,  eapecJally,  tke  walls  of  the  epidermal 
cells  are  soon  thickened  by  secondary  deposition  (39),  especially 
on  the  superficial  side.  This  is  well  eeen  in  the  epidermis  of  the 
Aloe,  and  in  other  fleshy  plants,  which  bear  severe  drought  with 
impunity  :  in  Fig.  185,  it  is  shown,  at  a,  in  the  rinjj  of  a  Cactus, 
where  the  green  layer  of  the  whole  stem  answers  the  purpose  of 
the  leaves.  Sometimes  an  exterior  layer  of  this  superficiaMle- 
posit  in  the  epidermis,  or  a  secretion  from  it,  may  be  detached 
in  the  form  of  a  continuous,  apparently  structureless  membrane, 
which  Brongniart  and  succeeding  authors  have  called  the  Citticle. 
That  it  may  shed  water  readily,  the  surface  of  leaves  is  commonly 
protected  by  a  very  thin  varnish  of  wax,  or  else  with  a  bloom  of  the 
same  substance  in  the  form  of  a  whitish  powder,  which  easily  nibs 
off  (86),  as  familiarly  seen  in  a  cabbnge-leaf. 


266.  A  thickening  deposit  somclimps  lakes  place  in  the  cells  of 
parenchyma  immediately  underneath  the  epidermis,  especially  in 
the  Cactus  Family,  where  the  once  thin  and  delicate  walls  of  the 
cells  become  excessively  and  irregularly  thickened,  so  as  doubtless 
greatly  to  obstruct  or  arrest  all  exhalation  through  the  rind.  Some- 
thing like  this  choking  of  the  cells  must  commonly  occur  with  age 
in  most'lcavea,  particularly  those  that  live  for  more  than  one  season. 

267.  But  the  multiplication  of  these  safeguards  against  exhala- 
tion might  be  liable  to  defeat  the  very  objects  for  which  leaves  are 
principally  destined.  Evaporation  from  the  parenchyma  of  the 
leaves  is  essential  to  the  plant,  as  it  Is  the  only  method  by  which 
its  excessively  dilute  food  can  be  concentrated.    Some  arrange- 
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Qkent  is  requisite  thai  shall  allow  of  sufficient  ezhaladon  from  the 
leares  while  tbe  plant  is  froel;  supplied  with  moisture  by  the  roots, 
but  restrain  it  when  the  supply  is  deficienL  It  is  clear  that  the 
greatest  deiDaod  is  made  upon  the  leaves  at  the  very  period  when 
tbe  supply  through  the  roots  is  most  likely  to  fail :  for  the  sum- 
mer's sun,  which  acts  so  powerfully  on  tbe  leaves,  at  tbe  same 
liiA  parches  tbe  soil  upon  which  tbe  leaves  (through  tbe  loodets) 
depend  for  the  nxHsture  they  exhale.  So  long  as  their  demands 
are  promptly  answered,  all  goes  well.  Tbe  greater  the  force  of 
the  sun's  rays,  the  greater  the  speed  at  which  tbe  vegetable  ma- 
chinery is  driven.  But  whenever  the  supply  at  the  root  fails,  the 
foliage  begins  to  flag  and  droop,  as  is  so  often  seen  under  a  sultry 
meridian  sun ;  and  if  the  exhaustion  proceeds  beyond  a  certain 
point,  the  leaves  inevitably  wither  and  perish.  Some  adaptation  is 
therefore  needed,  anali^us  to  the  governor  in  machinery,  or  tbe 
aelf-actiug  valve,  which  shall  regulate  the  exhalation  according  to 
tbe  supply.     Such  an  office  is  actually  fulfilled  by 

366.  lie  StSBUtl,  SlomiUa,  or  Breatking-pores  (70).  Through 
tbe  orifices  which  bear  this  name,  exhalation  principally  takes 
place,  in  all  ordinary  cases,  where  the  epidermis  is  thick  and 
firm  enough  to  prevent  much  escape  of  moisture  by  direct  transu- 
dalion.  Tbe  storoala  (Fig.  181-  183,  187)  are  situated  so  as  to 
sfea  directly  into  the  hollow  chambers, 
or  air-cavities,  which  pervade  tbe  pa- 
vncbyma  (Fig.  179,  166),  especially 
the  lower  stratum ;  so  as  to  afibrd  free 
commuaicatioo  between  the  external  air 
and  tbe  whole  interior  of  the  leaf.  The 
perforation  of  the  epidermis  Is  between 
two  (or  rarely  four)  small  and  delicate 
cells,  which,  unlike  the  rest  of  the  epi-  ,„ 

dermis,  usually  contain  some  chloro- 
phyll, and  in  other  respects  resemble  the  parenchyma  beneath. 
Tbe'u-  exact  mechanism  is  not  veiy  well  made  out ;  but  it  appears 
that,  when  moist,  these  bygrometric  cells  become  turgid,  and  in 
etoDpting  diverge  or  curve  outwardly  in  their  middle,  where  they 
do  not  cohere,  so  as  to  open  a  free  communication  between  Uie 
outer  air  and  the  interior  of  the  leaf.    When  dry,  they  ineline  to 
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■horten  and  straighten,  so  as  to  bring  their  sides  into  ctmtact  and 
dose  the  orifice  completely.  This  Btracture  is  sufficiently  illua- 
trated  in  the  figures  referred  to,  and  ee|>ecially  in  those  of  the 
Lity,  where  the  stomata  are  unusually  large  and  easy  of  eTamina- 
tion.  The  action  and  use  of  this  mechanism  will  readily  be 
understood.  So  long  as  the  leaf  is  in  a  moiat  atmosphere,  ant}  ia 
freely  supplied  with  sap  by  the  stem  and  roots,  the  cells  that  guard 
the  orifice  are  expanded,  and  the  open  stomata  allow  the  free 
escape  of  moisture  by  evaporation.  But  when  the  supply  fails, 
and  the  parenchyma  begins  to  be  exhausted,  the  guardian  cells,  at 
least  equally  affected  by  the  dryness,  quickly  coUspse,  and  by 
closing  these  thousands  of  apertures  check  the  drain  (be  moment 
it  becomes  injurious  to  the  plant. 

369.  As  a  general  rule,  the  stomata  wholly  or  principally  belong 
to  the  epidermis  ^  the  lower  surface  of  the  leaf:  the  mechanism 
ia  too  delicate  to  work  well  io  direct  sunshine.  The  position  of 
the  stomata,  and  the  loose  texture  of  the  lower  parenchyma,  re- 
quire that  this  surface  should  be  shielded  from  the  sun's  too  direct 
and  intense  action ;  and  show  why  leaves  soon  perish  when  artifi- 
cially reversed,  and  prevented  from  resuming  (as  otherwise  they 
spontaneously  will)  their  natural  position.  This  general  arrange- 
ment  is  variously  modified,  however,  under  peculiar  circumstancea. 
The  stomata  are  equally  distributed  on  the  two  sides  of  those 
leaves,  of  whatever  sort,  which  grow  in  an  erect  position,  or  pre- 
sent their  edges,  instead  of  their  surfaces,  to  the  earth  and  sky 
(294),  and  have  the  parenchyma  of  both  sides  similarly  constituted, 
sustaining  consequently  the  same  relations  to  light  In  the  Water- 
Lilies  (Nymphtea,  Nuphar),  and  other  leaves  which  float  upon  the 
water,  the  stomata  all  belong  to  the  upper  surface  ;  and  all  leaves 
growing  under  water,  where  there  can  be  no  evaporation,  are  des- 
titute, not  only  of  stomata,  but  usually  of  a  distinct  epidermis  also. 

270.  The  number  of  the  stomata  varies  in  different  leaves  from 
600  to  about  170,000  on  the  square  inch  of  surface.  In  the  Apple, 
there  are  said  to  be  about  24,000  to  the  square  inch  (wbkh  is  un- 
der the  average  number,  as  given  in  a  table  of  36  species  by  Liod- 
ley) ;  so  that  each  leaf  of  that  tree  would  present  about  100,000  of 
these  orifices.  Prom  their  great  numbers,  they  are  doubtless  fully 
adequate  to  the  office  that  is  attributed  to  them,  notwithstanding 
their  minute  size.  Their  size  varies  so  greatly  in  different  plants, 
that  no  safe  inference  can  be  drawn  of  the  comparative  omount  of 
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exhalation  in  diSerent  learea  from  Ibe  mere  number  of  th«ir  sU>- 
OMtta.  When  the  ■tomata  are  not  all  restricted  to  the  lower  aur- 
laee,  adll  the  greater  portion  usually  occupy  this  position.  Thus, 
the  leaf  of  Arum  Dracontium  is  said  to  have  8,000  stomala  to  a 
square  inch  of  the  upper  surface,  and  twice  that  number  in  the 
lame  space  of  the  lower.  The  leaf  of  the  Coltsfoot  has  13,000 
Momata  to  a  square  inch  of  the  lower  epidermis,  and  only  1,200 
in  the  upper.  That  of  the  White  Liiy  60,000  to  the  square  inch 
<W  the  lower  surface,  and  perhaps  3,000  on  the  upper. 

271.  At  the  points  on  the  surface  of  the  developing  leaf  where 
otontala  ate  about  to  he  formed,  one  of  the  epidermal  cells  early 
ceases  to  enlarge  and  thicken  with  the  rest,  but  divides  into  two' 
(in  the  manner  formerly  described,  8S},  forming  the  two  guardian 
ceils :  as  they  grow,  the  two  constituent  portions  of  their  common 
partition  separate,  leaving  an  interspace  or  orifice  between.  In 
some  cases,  each  new  cell  divides  again,  when  the  stomata  are 
formed  of  four  celts  in  place  of  two. 

372.  Succulent  or  fleshy  plants,  such  as  those  of  the  Cactus 
tribe,  Mesembry  anthem  urns,  Sedums,  Aloes,  &c.,  are  remarkable 
for  holding  the  water  they  imbibe  with  great  tenacity,  rather  in 
coit8e(|uence  of  the  thickness  of  the  epidermis,  or  from  the  deposit 
which  early  accumulates  in  the  superficial  cells  of  tlie  parenchyras 
(265}i  than  from  the  want  of  stomata.  The  latter  are  usually 
abundant,*  but  they  seem  to  remain  closed,  or  to  open  less  than  in 
ordinary  plants,  except  in  young  and  growing  parts.  Hence  the 
tissue  becomes  gorged  as  it  were  with  fiuid,  which  is  retained  with 
great  tenacity,  especially  during  the  hot  season.  They  are  evi- 
dently constructed  for  enduring  severe  droughts  ;  and  are  accord- 
ingly found  to  inhabit  dry  and  sunburnt  places,  such  as  the  arid 
plains  of  Africa, — the  principal  homeof  the  Stapelias,  Aloes,  suc- 
culent Euphorbias,  &-C., — or  the  hottest  and  driest  parts  of  our 
own  continent,  to  which  the  whole  Cactus  Family  is  indigenous. 
Or,  when  such  plants  inhabit  the  cooler  temperate  regions,  like 
the  Sedums  and  the  common  Houseleek,  &c.,  they  are  commonly 
found  in  the  most  arid  situations,  on  naked  rocks,  old  walls,  or 
nndy  pluos,  exposed  to  the  fiercest  rays  of  the  noonday  sun,  and 

'The  ibiclMMd  Bpidemii*  of  ib«  Scsbj  Imtm  of  Iba  Ses-Ssodwort  (Hon- 
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ihrivmg  under  ctmditians  which  would  inaure  the  ipeedy  destnc- 
tioo  of  (mlinary  plants.  Tbe  drier  the  atmoephere,  the  greater 
their  apparent  reluclance  to  part  with  the  fluid  diey  bare  accumu* 
lated,  and  upon  which  they  lire  during  the  long  period  when  little 
or  no  moisture  is  yielded  by  the  soil  or  the  air.  Their  structure 
sod  economy  fully  explain  tbeir  tolerance  of  the  very  dry  air  of 
our  houses  in  mid-winter,  when  ordinary  thin-leaTed  plants  become 
tmhealthy  or  perish. 

273.  Sometimes  the  leaves  of  succulent  plants  merely  become 
obese  or  misshapen,  like  those  of  the  Ice-plant  and  other  species 
of  Mesembryanthemum,  &c. :  sometimes  they  are  reduced  to  tri- 
angular projections  or  points,  or  are  perfectly  confounded  with  the 
unusually  developed  green  bark  of  the  stem,  which  fulfils  their 
office,  as  io  the  Slapetia  and  most  Cacti. 

274.  The  DeTtlopmtnt  <rf  Leam  proceeds  from  the  apex  (which 
first  appears,  in  the  form  of  a  little  tumor  or  papilla)  towards  the 
base,  which  ia  later  eliminated  from  the  axis.  The  apex  is  pushed 
forward  by  the  formation  and  growth  of  the  parts  beneath :  after 
the  blade  has  shaped  itself,  the  nidimenl  of  the  petiole,  if  there  ia 
to  be  any,  begins  to  be  visible,  and  this  grows  in  like  manner  from 
Ae  apex  downwards,  the  lower  part  of  it  being  the  last  formed : 
its  growth  subsequent  to  its  formation  is  greater  in  proportion  to 
its  original  size  than  that  of  any  other  part  of  the  leaf.-  Hm 
^eath  at  the  base  (as  in  most  Monocotyledons),  or  the  stipules 
(304,  which  principally  belong  to  Dicotyledons),  are  at  first  con- 
tinuous  with  the  blade,  or  divided  from  it  by  a  mere  constriction: 
the  formation  and  elongation  of  the  petiole  soon  separate  them. 
The  stipules,  remaining  next  the  axis  or  source  of  nourishment,  un- 
dergo a  rapid  development  early  in  the  bud,  so  that,  at  a  certain 
stage,  they  ara  oAen  larger  than  the  body  of  the  leaf,  and  they  ac- 
cordingly form  in  such  cases  the  teguments  of  the  bud.  Divided 
or  lobed  and  compound  leaves  are  simple  at  the  commencement, 
bat  the  lobes  are  very  early  developed ;  they  grow  in  respect  to 
the  axis  of  the  leaf  neariy  as  that  grew  from  the  axis  of  the  plant, 
and  in  the  compound  leaf  at  length  isolate  themselves,  and  are 
oflen  raised  on  footstalks  of  tbeir  own.  Commonly  the  upper 
lobes  or  leaflets  are  first  formed,  and  then  the  lower:  but  in  those 
of  the  Walnut  and  Ailanthus,  and  other  large  compound  leaves, 
new  leaflets  continue  to  be  produced  from  the  apex,  even  after  the 
lowermost  are  nearly  full  grown.    In  the  earliest  stage  leaves  con- 
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siat  c^  pannchyma  alone :  tbe  fibro-VBacuUr  tisaue  which  makes 
the  ribe,  veina,  or  rrameworic  appears  later.  No  good  researches 
have  yet  beeii  made  into  the  mode  and  order  of  its  production. 

275.  Ite  Foiu  tf  Luna  ue  almost  infinitely  various,  l^iese 
sfibrd  some  of  tbe  readiest,  if  not  the  most  ceriain,  marks  for  chai- 
acleriziog  species.  Their  principal  modifications  are  tberefora 
classified,  minutely  defined,  and  embodied  in  a  system  of  nomen- 
clature which  is  equally  applicable  to  other  parts  of  the  plant,  and 
vhicb  as  an  instrument  is  indispensable  to  the  systematic  botanist. 
1^  numerous  entirely  uDctmnected  technical  terms  which  have 
gradually  sccumulated  from  the  infancy  of  the  science,  and  have 
multiplied  with  its  increasing  wants,  are  mostly  quite  arbitrary, 
or  have  been  suggested  by  real  or  fancied  resemblaocea  of  their 
shapes  to  natural  or  other  objects.  This  arbitrary  nomenclature, 
which  formerly  severely  tasked  the  memory  of  the  student,  was 
reduced  by  E)e  Candolle  to  a  clear  and  consistent  system,  based 
upon  scientific  principles,  and  of  easy  application.  The  funda- 
mental  idea  of  the  plan  is,  that  the  almost  iofinite  varieties  in  the 
form  and  outline  of  leaves  may  be  deduced  from  the  diSerent 
OHMles  and  degrees  in  which  the  woody  skeleton  or  framework  of 
the  leaf  is  expanded  or  ramified  in  the  pareuchyma.  .Upon  this 
conception  our  following  sketch  is  based ;  in  which  we  endeavor 
to  introduce  and  define  the  more  important  terms  of  the  nomencla- 
ture of  leaves.  It  should  be  kept  in  mind,  however,  that  this  sys- 
tem  is  partly  if  not  altc^etber  empirical,  and  is  not  to  be  taken  as 
an  explanation  of  the  actual  formation  of  the  leaf;  but  rather  as 
an  account  of  the  mutual  adaptation  and  coreapondence  of  the 
outlines  and  tbe  framework  of  leaves.  For  the  parenchyma  is  de- 
veloped, and  the  form  of  the  leaf  is  of\en  fixed,  before  the  frame- 
work has  an  existence.  The  tatter,  therefore,  cannot  have  deter- 
mined the  outline  or  shape  of  the  organ.  The  distribution  of  the 
veins  or  fibrous  framework  of  the  leaf  in  the  blade  is  termed  its 

376.  VdBitlsi.  The  veins  are  distributed  throughout  the  lamina 
in  two  principal  modes.  Either  the  vessels  of  the  petiole  divide  at 
once,  where  they  enter  the  blade,  into  several  veins,  which  run 
parallel  with  each  other  to  the  apex,  connected  only  by  simple 
transverse  veioleta  (as  in  Fig.  201} ;  or  the  petiole  is  continued 
into  the  blade  in  the  form  of  one  or  more  principal  or  coarser 
veins,  which  send  off  branches  on  both  sides,  the  smaller  branch- 
leu  uniting  with  one  another  {ajuuto7non»g)  and  forming  a  kind 
14" 
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of  network;  uin  I^g.  191, 199.  Tbe  rormer  are  tenned  ^KtroIIel- 
teated,  or  commonly  nerved  leaves  ;  tbe  veins  in  this  case  baviog 
been  called  nerves  by  the  older  botanists,  —  a  name  which  it  ia 
found  convenient  to  retain,  although  of  courte  they  are  in  no  re- 
spect analogous  to  the  nerves  of  animals.  The  latter  are  termed 
reticulated  or  rtetted-veined  leaves. 

iJT7.  Parallel -veined  or  nerved  leaves  are  oharacteriatic  of  En- 
dogenous  plants  ;  while  reticulated  leares  are  almost  universal  in 
Exogenous  plants.  We  are  thus  fumisbed  with  a  very  obvious,  al- 
though  by  no  means  absolute,  distinction  between  these  two  great 
classes  of  plants,  independently  of  the  structure  oflheir  stems  ( 185). 


S78.  In  reticulated  leaves,  the  coarse  primary  veins  (one  or 
more  in  number),  which  proceed  immediately  from  the  apex  of 
the  petiole,  are  called  ribt ;  the  branches  are  termed  veim,  and 
their  subordinate  ramifications,  veinleU.  Very  frequently,  a  ungle 
strong  rib  (called  ihe  midrib),  forming  a  continuation  of  tbe  petiole, 
runs  directly  (hrough  the  middle  of  the  blade  to  the  apex  ( Fig.  196, 
197,  &c.),  and  from  it  the  lateral  veins  all  diverge.  Such  leaves 
are  termed  foalher^eiited  oi  pimtately  veined  ;  and  are  subject  to 
various  modifications,  according  to  the  arrangement  of  tbe  veins 
and  veinlets ;  the  primary  veins  sometimes  passing  straight  &om 
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the  midrib  to  the  niBi^o,  as  in  the  Beech  and  Chestnut  (Fig.  196)  ; 
while  in  other  cues  they  are  divided  iato  veioleta  long  before  they 
teach  the  ma^in.  When  the  midrib  gives  off  a  very  strong  pri- 
mary vein  or  branch  on  each  side  above  the  base,  the  leaf  is  said 
lo  be  triple-rihbed,  or  often  Iripli'Mereed,  as  in  the  common  Sun- 
fower  (Fig.  199) ;  if  two  sueh  ribs  proceed  from  e«u:b  side  of  the 
Bidrib,  it  is  said  tq  be  qm»tiq)le-rihh«d,  or  quttttvpli-nened. 

S79.  Not  unfrequeatly  the  veseels  of  a  reticulated  leaf  divide  at 
the  apex  of  the  petiole  into  three  or  more  portions  or  ribs  of  nearly 
equal  size,  which  are  usually  divergent,  each  giving  off  veins  and 
veinleta,  like  the  single  rib  of  a  fealher'veined  leaf.  Such  leaves 
are  termed  radiated-veintd,  or  palntalely  veined  ;  and,  as  to  the 
number  of  the  ribs,  are  called  three-ribbed,  five-ribbed,  seven- 
ribbed,  &.C-  (Fig.  191,  203, 209).  Examples  of  this  form  are  fur- 
niabed  by  the  Maple,  the  Gooseberry,  tbe  Mallow  Family,  &c. 
Occasionally  tbe  ribe  of  a  radiated- veined  leaf  converge  and  run  to 
the  apex  of  the  blade,  as  in  Rbexia  and  other  plants  of  the  same 
fomily,  thus  resembling  a  parallel- veined  or  nerved  leaf;  from 
which,  however,  it  is  distinguished  by  the  intermediate  netted  veins.' 
But  when  the  ribs  are  not  very  strong,  such  leaves  are  frequently 
said  to  be  nerved,  although  they  branch  before  reaching  tbe  apei. 

280.  According  to  the  theory  of  De  Candolle  (275),  the  shape 
which  leaves  assume  may  be  considered  to  depend  upon  the  dis- 
tribution of  the  veins,  and  the  quantity  of  parenchyma  ;  the  gen- 
eral outline  being  determined  by  the  division  and  direction  of  tbe 
veins ;  and  the  form  of  the  margin,  ( whether  even  and  continuous, 
or  interrupted  by  void  spaces  or  indentations,)  by  the  greater  or 
less  abundance  of  the  parenchyma  in  which  the  veins  are  distrib- 
uted. This  view  is  readily  intelligible  upon  the  supposition  that  a 
leaf  is  an  expansion  of  sof\  parenchyma,  in  which  tbe  firmer  veins 
are  variously  ramified.  Thus,  if  the  principal  veins  of  a  feather- 
veined  leaf  are  not  greatly  prolonged,  and  are  somewhat  equal  in 
length,  tbe  blade  will  have  a  more  or  less  elongated  form.  If  the 
veins  are  very  short  in  proportion  to  the  midrib,  and  equal  in  length, 
tbe  leaf  will  be  linear  (as  in  Fig.  198) ;  if  longer  in  proportiou, 
but  still  equal,  the  leaf  will  assume  an  oblong  form  (Fig.  200), 
which  a  slight  rounding  of  the  aides  converts  into  an  oral  or  ellip- 
Heal  outline.  If  the  veins  next  the  base  arc  longest,  and  espe- 
cially if  they  curve  forward  towards  their  extremities,  the  leaf 
■amimes  a  laaaolaU  (Fig.  197),  oeaU  (Pig.  199),  or  some  inter- 
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mediate  form.  On  the  other  hand,  if  the  Teioa  are  more  developed 
beyond  the  middle  of  the  blade,  the  leaf  becomes  ohmale  (Pig. 
189),  or  ameiform  (Fig.  193).  In  radiated  or  palmately  veined 
leaves  (Fig.  203-204),  where  the  primary  ribs  are  divergent,  on 
orbicular  or  roundish  outline  is  moat  common,  and  indeed  is  uni- 
versal  when  the  ribe  are  of  equal  strength.  Some  of  the  ribs  or 
their  ramifications  being  directed  bockwardB,  a  Recess,  or  n'nix,  aa 
it  is  termed,  is  produced  at  the  base  of  the  leaf,  which,  taken  in 
connection  with  the  general  form,  gives  rise  to  such  terms  as  cor- 
date or  keart^haped  (Fig.  191),  reni/orm  or  kidney-tkaped  (Fig. 
202),  Ate.,  when  the  posterior  portions  are  rounded  ;  and  those  of 


tagitlaU  or  arrcv-headed  (Fig.  206],  and  kastale  or  halberd-thaped 
(Fig.  306),  when  they  are  produced  into  angles  or  lobes.  The 
margins  of  the  sinus  are  sometimes  brought  into  contact,  when 
they  are  frequently  united  ;  for  whenever  soft  cellular  parts  are  in 
close  contact  at  an  early  period  of  their  development,  they  are 
very  apt  to  cohere  and  grow  together.  In  this  case  the  leaf  bo- 
comes  peltate  or  shield-thaped  (Fig.  304);  the  blade  being  at- 
tached to  the  petiole,  not  by  its  apparent  base,  but  by  some  part  of 
the  lower  surface.  Two  or  three  common  species  of  Hydrocotyle 
plainly  exhibit  the  transition  from  common  radiated  leaves  into  the 
peltate  form.  Thus,  the  leaf  of  H.  Americana  (Fig.  203)  is  round- 
ish-reni  form,  with  an  open  sinus  at  the  base ;  while  in  H.  inter- 
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rupta  snd  H.  umbellata  (Fig.  204),  the  mai^ns  hare  grown  to- 
gether 90  BS  to  obliterate  the  sinus,  and  an  orbicular  peltate  leaf  is 
produced.  In  nerved  leaves,  when  the  nerves  run  parallel  from 
the  base  to  the  apex,  as  in  Grasses  (Pig.  195),  the  leaf  is  necessa- 
rily linear,  or  nearly  so  ;  but  when  they  are  more  divergent  in  the 
middle,  or  towards  the  base,  the  leaf  becomes  oblong,  oval,  or 
ovate,  4tc.  (Fig.  201).  In  one  class  of  nerved  or  parallel- veined 
leaves,  the  simple  vNns  or  nerves  arise  from  a  prolongation  of  the 
petiole  in  the  form  of  a  thickened  midrib,  inatead  of  the  base  of 
the  blade,  constituting  the  evrvinerved  leaves  of  De  Candolle. 
His  stroclure  is  almost  universal  in  the  Ginger  trihe,  the  Arrow- 
root tribe,  in  the  Banana,  and  other  tropical  planta;  and  our  com- 
mon Pontederb,  or  Pickerel-weed  (Fig.  194),  aSbrds  an  illustra- 
tion of  it,  in  which  the  nerves  are  curved  backwards  at  the  baas, 
ao  as  to  produce  a  cordate  outline. 

tiSI.  As  to  the  margin  and  particular  outline  of  leaves,  they  ei- 
hibii  every  gradation  between  the  case  where  the  blade  b  entire, 
that  b,  with  the  margin  perfectly  continuous  and  even  (as  in  Fig. 
201),  and  those  where  it  b  cleft  or  divided  into  separate  portions.* 
The  convenient  hypothesis  of  De  Candolle  connects  these  forms 
with  the  abundance  or  scantiness  of  the  parenchyma,  compared 
with  the  divei^nce  and  the  extent  of  the  ribs  or  veins ;  on  tba 
BDpposition  that,  where  the  former  b  insufficient  completely  to  fill 
np  the  framework,  lohes,  ineitioiu,  or  toolhinga  are  necessarily 
produced,  extending  from  the  margin  towards  the  centre.  Thus, 
in  the  white  and  the  yellow  species  of  Water  Ranunculus,  there 
appeara  to  be  barely  sufHcient  parenchyma  to  form  a  thin  covering 
for  each  veio  and  its  branches  (Fig.  207,  the  lowest  leaf) ;  such 
leaves  are  said  to  be  JUiformlif  ditaceud,  that  is,  cut  into  threads  ; 
the  nomenclature  in  all  these  cases  being  founded  on  the  conven- 
ient, but  incorrect  supposition,  that  a  leaf  originally  entire  b  cut 
into  teeth,  lobes,  divbiona,  &c.  If,  while  the  frameworii  remains 
the  seme  as  in  the  last  instance,  the  parenchyma  be  more  abun- 
dantly developed,  as  in  fact  happens  in  the  upper  leaves  of  the 
■ame  species  when  they  grow  out  of  water,  and  is  shown  in  the 
lame  figure,  they  are  merely  cleft  or  lobed.  If  these  hbet  grow 
together  nearly  to  the  extremity  of  the  principal  veins,  the  leaf  is 
only  toothed,  serrated,  or  crenated ;  and  if  the  small  remaining 
notches  were  filled  with  parenchyma,  the  leaf  would  be  entire. 
The  study  of  the  development  of  leaves,  however,  proves  that  ibe 
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pareochynia  grows  and  shapes  the  outlines  of  the  organ  in  its  own 
way,  irrespective  of  the  frameworic,  which  is,  in  fact,  adapted  to 
the  pareacbyn]&  rather  than  the  parenchyma  to  it.  The  principal 
terms  which  designate  the  mode  and  degree  of  division  in  simple 
leaves  may  now  be  briefly  explained,  widioul  further  reference  to 
this  or  any  other  theory. 

282.  A  leaf  is  said  to  be  aerrate,  when  the  margin  is  beset  with 
sharp  teeth  which  point  forwards  towards  the  apex  (Fig-  196); 
dentate,  or  toothed,  when  the  sharp  salient  teeth  are  not  directed 
towards  the  apei  of  the  leaf  (Fig.  200) ;  and  crenaU,  when  the 
teeth  are  rounded  (Fig.  203, 204).  A  slightly  waved  or  sinuous 
margin  is  said  to  be  repand ;  a  strongly  uneven  mai^in,  with  alter- 
Date  rounded  concavities  and  convexities,  is  termed  aimiaie  (as  ia 
tbe  Oak).  When  the  leaf  ia  irregularly  and  sharply  cut  deep  into 
the  lamina,  it  is  said  to  be  incised ;  when  the  portions,  or  legmenit, 
are  more  definite,  it  is  said  to  he  lobed  ;  and  tbe  terms  two-lobed, 
three-lohed,^e-lobed,  &c.,  express  the  number  of  the  segmenla. 
If  the  incisions  extend  about  to  the  middle  of  the  blade,  or  some- 
what deeper,  the  leaf  ia  said  to  be  eleji ;  and  the  terms  tieo-elefi, 
three-cleft,  &cc.  (or  in  the  Latin  form,  bifid,  trifid,  &c.),  designate 
tbe  number  of  (he  segments  :  or  when  the  latter  are  numerous  or 
indefinite,  the  leaf  is  termed  mang-ekfi,  or  nudlifid.  If  the  seg- 
ments extend  nearly,  but  not  quite,  to  the  baae  of  the  blade  or  the 
midrib,  the  leaf  is  said  to  ho  parted  (Fig.  209) :  if  they  reach  the 
midrib  or  the  base,  so  as  to  interrupt  the  parenchyma,  the  leaf  is 
said  to  be  divided ;  the  number  of  parlitioiu  or  divitioiu  being 
designated,  as  before,  by  the  terms  two-,  three-,  Jwe-parted,  or 
two-,  three-f  five-divided,  &c. 

283.  As  the  mode  of  division  always  coincides  with  the  arrange- 
ment of  the  primary  veins,  the  lobes  or  incisions  of  feather- veined, 
are  differently  arranged  from  those  of  radiated  or  palmatety  veined 
leaves :  in  the  latter,  the  principal  incisions  are  all  directed  to  the 
base  of  the  leaf;  in  the  former,  towards  the  midrib.  These  modi- 
fications are  accurately  described  by  terms  indicative  of  the  vena- 
tion, combined  with  those  that  express  the  degree  of  division. 
Thus,  a  feather- veined  (in  the  Latin  form,  a  pitmately  veined)  leaf 
ia  said  to  be  pinnaiely  elefl  or  pinnatifid,  when  the  sinuses  reach 
halfway  to  the  midrib ;  pinnately  parted,  when  they  extend  al- 
most to  the  midrib ;  and  pinnaiely  divided,  when  they  reach  the 
midrib,  dividing  the  parenchyma  into  separate  portions,     A  few 
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sabordiDBte  modifications  are  indicated  by  epecial  terms :  thus,  a 
piDDati6d  or  pinnately  parted  leaf,  with  regular,  very  close  and 
narrow  diviaions,  lilce  the  teeth  of  a  comb,  is  said  to  be  pfctinate ; 
a  feather- veined  leaf,  more  or  less  pinnatifid,  but  with  the  lobes 
decreasing  in  size  towards  the  base,  is  termed  lyrate,  or  lyre- 
Mhaped  (Pig.  212);  and  a  lyrate  leaf  with  sharp  lobes  pointing 
towards  the  base,  as  iD  the  Dandelioo  (Pig.  213),  is  called  runct- 
nate.  A  palmately  veined  leaf  is  in  like  manner  said  to  be  paU 
wuiUli/  cleft,  palmately  parted,  palmately  dieided,  &c.  (Fig.  207, 
209),  according  to  the  degree  of  division.  The  term  palmate  was 
originally  employed  to  designate  a  leaf  more  or  less  deeply  cut 
iBto  about  five  spreading  lobes,  bearing  some  resemblance  to  a 
hand  with  the  fingera  spreading  ;  and  it  is  still  used  to  designate  a 
palraatety  lobed  leaf,  without  reference  to  the  depth  of  the-sinuses. 
A  palmate  leaf  with  the  lateral  lobes  c1e{\  into  two  or  more 
segments,  is  said  to  be  pedate  (Fig.  205),  from  a  fancied  resem- 
blance to  a  bird's  fooL  By  designating  the  number  of  the  lobes  in 
connection  with  the  terms  which  indicate  their  extent  and  their 
disposition,  botanists  are  enabled  to  describe  all  these  modificalions 
whh  great  brevity  and  precision.  Thus,  a  palmately  Jive-parted 
leaf  is  one  of  the  radiated -veined  kind,  which  is  divided  almost  to 
the  base  into  five  segments  :  &  pitinately  five-parted  leaf  is  one  of 
the  feather-veined  kind  cut  into  five  lobes  (two  on  each  side,  and 
(»e  terminal),  with  the  sinuses  extending  almost  to  the  midrib: 
and  the  same  plan  is  followed  in  describing  clef),  lobed,  or  divided 

S84.  The  segments  of  a  lobed  or  divided  leaf  may  be  again  di- 
vided, lobed,  or  cleft,  upon  the  same  principle  as  the  leaf  itself, 
and  the  same  terms  are  employed  in  describing  them.  Some- 
times both  the  primary,  secondary,  and  even  tertiary  divisions  are 
defined  by  a  single  word  or  phrase ;  as  hipinnaiifid  (Fig.  214), 
tripinnalijid,  bipinnately  parted,  tripinnately  parted,  twice  paU 
malely  parted.  Ace. 

385.  Parallel -veined  or  nerved  leaves  may  be  expected  to  pre- 
sent  entire  margins,  and  this  in  fact  almost  universally  occurs  when 
the  nerves  are  convergent  (Pig.  201).  Such  leaves  are  oflen 
lobed  or  cleft  when  the  principal  nerves  diverge  greatly,  as  in  the 
Dragon  Arum ;  but_  the  lobes  themselves  are  entire.  So,  also, 
ribbed  leaves  are  mostly  entire,  when  the  ribs  converge  to  the 
l^x :  and  leaves  which  exhibit  a  well-marked  mai^inal  vein  (the 
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faUely  rihhed  leaves  of  Lbdley),  into  which  the  iBtenl  veinleta 
are  coDflueot  (as  in  all  Myrtaceous  plants),  are  also  entire. 

26fi.  There  are  a  few  terms  employed  in  describing  the  apex  of 
a  leaf,  which  may  be  here  eDumerated.  When  a  leaf  terminates 
in  an  acute  angle,  it  is  said  to  be  aaUe  (Fig.  199,  SOS) :  when  the 
apex  is  an  obtuse  angle,  or  rounded,  it  is  termed  ohtuxe  (Fig-  194, 
198)  :  an  obtuse  leaf,  with  the  afex  slightly  indented -or  depressed 
in  the  middle,  is  said  to  be  retuse,  or,  if  more  strongly  notched, 
anarginate  (Fig.  188) :  an  obovste  leaf  with  a  wider  and  more 
conspicuous  notch  at  the  apex  is  termed  oheordaie  (Fig.  190), 
being  a  cordate  or  heart-shaped  leaf  inverted.  When  the  apex  is, 
as  it  were,  cut  off  by  a  straight  transverse  line,  the  leaf  is  said  to 
be  truncate :  when  abruptly  terminated  by  a  small  projecting 
point,  it  is  taucronale  (Fig.  188, 189)  :  and  when  an  acute  leaf  has 
a  narrowed  and  prolonged  apex,  or  tapers  to  a  point,  it  is  aauai- 
Bate,  or  pointed,  as  in  Fig.  191. 

287.  All  these  terms  are  equally  applicable  to  expanded  sur* 
faces  of  every  kind,  such  as  petals,  sepals,  &.c. :  and  those  terms 
which  are  used  to  describe  the  modifications  of  solid  bodies,  such 
as  stems  and  stalks,  are  equally  applicable  to  leaves  when  they 
afiect  similar  shapes,  as  they  sometimes  do. 

288.  The  whole  account,  thus  far,  relates  to  Sikflb  L^ves, 
namely,  to  those  which  have  a  blade  of  one  piece,  however  cleft 
or  lobcd,  or,  if  divided,  where  the  separate  portions  are  neither 
raised  on  stalklets  of  their  own,  nor  articulated  (by  a  joint)  with 
the  main  petiole,  so  that  the  pieces  are  at  length  detached  from  iu 
The  distinction,  however,  cannot  be  very  strictly  maintained  ;  there 
are  so  many  transitions  between  simple  and 

369.  CompODBd  UaTH  (Fig.  211,  315-321).  These  have  the 
blade  divided  into  entirely  separate  pieces;  or,  rather,  they  con- 
sist of  a  number  of  blades,  borne  on  a  common  petiole,  usually 
supported  on  stalklets  of  their  own,  between  which  and  the  main 
petiole  an  articulation  or  joint  is  formed,  more  or  less  distinctly. 
These  separate  blades  are  called  Lbaplbts  :  they  present  all  the 
diversities  of  form,  outline,  or  division,  which  simple  leaves  ex> 
hibit ;  and  the  same  terms  are  employed  in  characterizing  them. 
Having  the  same  nature  and  origin  as  the  lobes  or  segments  of 
simple  leaves,  they  are  arranged  in  the  same  ways  on  the  commoa 
petiole.  Compound  leaves  accordingly  occur  under  two  general 
fijrms,  the  pinnate,  and  the  palmate,  otherwise  calM  digitate. 
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The  pimmte  form  is  produced  when  a  leaf  of  the  pinnaiely  veined 
sort  becomes  compound ;  that  is,  the  leaflets  are  situated  along  the 
Bides  of  the  common  petiole.  There  are  several  modifications  of 
tiie  pinnate  leaf.  It  is  o^rupdjr  pintiate,  when  the  leaflets  are 
even  in  number,  and  none  is  home  on  the  very  apex  of  the  petiole 
or  its  branches,  as  in  Cassia ;  and  also  in  the  Vetch  tribe,  where, 
however,  the  apex  of  the  petiole  is  generally  prolonged  into  a  ten* 
dril  (Fig.  216).    It  is  impari-pinnate,  or  pinnate  with  an  odd  leaf- 


let,  when  the  petiole  is  terminated  with  a  leaflet  (Fig.  215, 220).. 
There  are  some  subordinate  modifications  ;  such  as  lyrately  pin- 
note,  when  the  blade  of  a  lyrate  leaf  (Fig.  212)  ia  completely  di- 
vided, as  in  Fig.  220  ;  and  inteTTuptedlg  pinnate,  when  some  mi- 
note  kafleta  are  irregularly  intermixed  with  larger  ones,  as  is  also 
shown  to  some  extent  in  the  figure  last  cited.  The  number  of 
leaflets  varies  from  a  great  number  to  very  few.  When  reduced 
to  a  small  number,  such  a  leaf  is  said  to  be  pinneitely  seven-,  Jivt; 
or  Iri-foliolale,  as  the  case  may  be.  A  pinnate  leaf  of  three  or 
five  leaflets  is  of^en  called  temate  or  quinate  ;  which  terms,  how- 
ever, are  equally  applied  to  a  palmately  compound  leaf,  and  also, 
and  more  appropriately,  to  the  case  of  three  or  Ave  simple  leaves 
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groving  on  the  same  node.  A  pinnaUly  trifoliolate  leaf  (Fig. 
321)  is  readily  distinguished  by  having  the  two  lateral  leaflets 
attached  to  the  petiole  at  some  distance  below  its  apei,  and  by  tbe 
joint  which  is  obserrabte  at  some  )>oint  between  their  insertion  and 
the  lamina  of  the  tenninal  leaflet.  Such  a  leaf  iqay  eren  be  re- 
duced to  tbe  paradoxical  case  of  a  single  leaflet ;  as  in  the  Orange 
(Fig.  21S),  and  frequently  in  one  variety  of  Rhynchosia  tomen- 
toea ;  which  is  distinguished  from  a  really  nmple  leaf  by  tbe  joint 
at  the  junction  of  the  partial  with  the  general  petiole. 

390.  The  palmate  or  digitate  form  is  produced  when  a  leaf  of 
tbe  palmately  veined  sort  becomes  compound  ;  in  which  case  the 
leaflets  are  necessarily  all  attached  to  the  apex  of  the  common 
petiole,  as  in  the  Horsechestnut  end  Buckeye  (Fig.  SI  1).  Such 
leaves  of  three,  five,  or  ftny  definite  number  of  leaflets  are  termed 
palmately  (or  digilalely)  trifoliolate,  fite-foUolaie,  &c.  A  leaf  of 
two  leaflets,  which  rarely  occurs,  is  ttnijugate  (one-paired)  or  M- 
note.  By  this  nomenclature,  the  distinction  between  pinoately  and 
palmately  compound  leaves  is  readily  kept  up. 

391.  The  sUlk  of  a  leaflet  is  called  a  partial  petiole  {petiolula) ; 
and  the  leaflet  thus  supprted  is  petiolulate. 

293.  The  partial  petioles  may  bear  a  set  of  leaflets  instead  of  a 
single  one,  when  the  leaf  becomes  dtnAly  or  twice  compound. 
Thus  a  pinnate  leaf  again  compounded  in  the  same  way  becomes 
bipinnate,  or  if  still  a  third  time  divided  it  is  tripttmate,  &c.  In 
these  cases  the  main  divisions  or  branches  of  the  common  petiole 
are  called  ptntus.  So  a  trifoliolate  leaf  twice  compound  becomes 
httemaie ;  or  thrice,  tritemate,  &<c.  When  the  primary  division  is 
digitate,  the  secondary  division  is  often  pinnate,  thus  combining  the 
two  modes  in  the  same  leaf.  A  leaf  irregularly  or  indeterminately 
several  times  compounded,  in  whatever  mode,  is  deeompotmd. 

393.  Tbe  blade  of  a  leaf  is  almost  always  symmetrical,  that  is, 
the  portions  on  eabh  side  of  the  midrib  or  axis  are  similar ;  but  oc- 
casionally one  side  is  more  developed  than  the  other,  when  the  leaf 
is  oblique,  as  is  strikingly  the  cose  in  the  species  of  Begonia  (Fig. 
310)  now  common  in  gardens. 

294.  The  blade  is  also  commonly  horizontal,  presenting  one  sur- 
face to  tbe  sky,  and  the  other  to  the  earth ;  In  which  case  tbe  two 
surfaces  differ  in  structure  (362)  as  well  as  in  appearance,  each 
being  fitted  for  its  peculiar  ofUces :  if  artificially  reversed,  they 
spontaneously  resume  their  natural  position,  or  soon  perish  if  pre- 
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rented  Trom  doing  sa  But  in  erect  and  vertical  lenvei,  the  two 
floriaces  are  equally  eipoaed  to  the  light,  and  are  similar  in  struc* 
tore  and  appearance,  lo  such  erect  leaves  as  those  of  Iris,  it  is 
what  conespoads  to  the  lower  surface  of  ordinary  leaves  that  is 
presented  to  the  air ;  for  the  leaf  is  folded  together  lengthwise  and 
consolidated  while  in  the  nascent  state,  so  that  the  true  upper  surface 
ia  concealed  in  the  interior,  except  near  the  base,  where  they  over- 
ride each  other  in  the  eqwtant  manner  (358).  True  vertical  leaves, 
which  present  their  edges  instead  of  their  surfaces  to  the  earth  and 
aby,  generally  assume  this  position  by  a  twisting  of  the  base  or  of 
the  petiole  ;  as  is  etrilcingly  seen  in  a  large  number  of  New  Hol- 
land trees  of  the  Myrtle  Family,  now  common  in  greenhouses. 

295.  Leaves  assume  extraordinary  appearances  when  they  be> 
come  tuceuiaU,  as  in  the  difierent  species  of  Mesembry anthem um 
(Ice-plant),  &c.,  and  no  less  fo  when,  on  the  contrary,  producing 
Me  or  no  green  parenchyma,  they  become  scale-like,  as  in  Beech- 
drops,  Monotropa,  and  other  parasitic  plants ;  where  they  do  not 
perform  the  ordinary  office  of  leaves.     Not 

unlike  these  are  the  altered  or  degenerate 
leaves  that  form  the  integuments  of  scaly  buds 
( 146).  The  primary  leaves  on  every  sboot  of 
the  Pine  are  merely  thin  and  dry  scales ;  from 
the  axils  of  which  the  ordinary  foliage  is  devel- 
oped in  fascicles  of  needle-shaped  leaves  (353). 

296.  Leaves  which  grow  under  water  are 
often  nearly  or  quite  destitute  of  parenchyma ; 
u  in  Ranunculus  Purahii  (Fig.  207),  and  Ra- 
nunculus aquatilis,  Bidens  Beckii,  Myriophyl- 
lam,  &c.  A  very  remarkable  instance  of  the 
kind  occurs  in  Ouvirandra  feneslralis,  a  South 
African  aquatic  plant,  with  nerved  leaves, 
which  exhibit  a  complete  framework  or  skel- 
eton, while  the  parenchyma  is  entirely  want- 
ing. In  the  Baiherry  some  of  the  summer 
leaves  harden  as  they  grow  into  compound  or 
brancbiog  spines  (Fig.  222). 

297.  When  the  blade  of  the  leaf  is  wanting,  m  i 
ita  office  is  sometimes  performed  by  the  petiole,  or  l^  the  stipules. 
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398.  Ite  Msle,  or  Leafttali,  b  dbubII^  eidier  raoDd,  or  half- 
cylindrical  aad  chanoelled  on  the  upper  side.  But  in  the  A^d, 
it  is  strongly  flattened  at  right  angles  with  the  blade,  so  that  tba 
slightest  breath  of  air  puts  the  leaves  in  motion.  It  is  not  unfre- 
quently  furnished  with  a  leaf>like  border,  or  wing ;  which,  in  the 
Sweet  Pea  of  the  gardens,  esteods  downward  along  the  st«m,  on 
which  the  leaves  are  then  said  to  be  deairrent ;  or  the  stalk  or 
stem  thus  bordered  is  said  to  be  alate  or  winged.  Id  many  Um- 
belliferous plants,  the  base  of  the  petiole  is  dilated  into  a  broad  and 
meoibranaceouB  inflated  sheath ;  and  in  a  great  number  of  Endoge- 
nous plants,  especially  in  Grasses,  the  petiole  consists  of  a  lAfotA, 
embracing  the  stem,  which  in  the  tnie  Grasses  is  furnished  at  the 
summit  with  a  membranous  appendage,  in  some  sort  equivalent  to 
the  stipules,  called  the  liguU  (Fig.  195).  In  the  proper  Pea  tribe, 
the  apex  of  the  petiole  is  oflen  changed  into  a  tendril  (Pig.  316) ; 
and  in  one  plant  of  that  tribe  (LathyrusAphaca),  the  whole  petiole 
becomes  a  tendril,  the  office  of  the  leaf  being  fulfilled  by  a  pair  of 
large  stipules.  Sometimes,  as  in  one  section  of  Astragalus,  the 
petioles  harden  into  spines  aAer  the  leaflets  fall  off. 

299.  The  woody  and  vascular  tissue  runs  lengthwise  throu^ 
the  petiole,  in  the  form  usually  of  a  definite  number  of  parallel 
threads,  to  be  ramified  in  the  blade.  The  ends  of  these  threads  are 
apparent  on  the  base  of  the  leafstalk  when  it  falls  off,  and  on  ths 
scar  lefY  on  the  stem,  as  s6  many  round  dota  (Pig.  130,  1S7,  b),  of 
a  uniform  number  and  arrangement  in  each  species.  Sometimes 
they  are  so  close  as  to  be  confluent  into  a  continuous  line  or  bundle. 

300.  Phyllodii  (Fig.  226,  227).  OccasionaUy  \he  woody  aya- 
tern  spreads  and  the  whole  petiole  dilates  into  a  kind  of  blade, 
traversed  by  ribs,  mostly  of  the  parallel- veined  kind.  In  these 
cases  the  proper  blade  of  the  leaf  is  commonly  abortive  or  disap- 
pears;  this  subsli Cute,  called  a  pHYLLonitrM  (meaning  a  leaf-like 
body),  taking  its  place.  These  phyllodia  constitute  the  whole  foli- 
age of  the  numerous  Anstralian  Acacias.  Here  they  are  at  ODce 
distinguished  from  leaves  with  a  true  blade  by  being  entire  aod 
parallel-veined ;  while  iheir  proper  leaves,  as  the  primordial  ouea 
uniformly  appear  in  germination,  and  also  later  ones  in  casual  in- 
stances, are  compound  and  netted-veined.  They  are  also  Kaog- 
nized  by  their  uniformly  vertical  position,  presenting  their  margins 
instead  of  their  surfaces  to  the  earth  and  sky ;  and  they  sometimes 
bear  a  true  compound  lamina  at  the  apex,  as  in  Pig.  227.    These 
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Aeaciu,  with  the  Hyrtaceoos  trees  that  have  leaves  with  a  pn^r 


bhde  which  becomes  vertical  by  a  twiat  (S94),  compose  more  than 
Uf  of  the  foreata  of  New 
Holland,  and  give  to  them  a 
prevailing  and  very  peculiar 
feature,  and  an  unusual  dis- 
tribution of  light  and  shade ; 
the  cause  of  which  was  de- 
lected  by  the  scrutiniung 
glance  of  Robert  Brown. 

301.  In  the  Dionffia,  or 
Tenus's  Fly-catcber  (Fig. 
SS8),  the  proper  lamina,  or 
Made  of  the  leaf,  is  the  ter- 
minal  portiw),  fringed  with 
ttiff  bristtea,  which  closes 
niddenty  and  with  consider- 
abts  force  when  the  upper 
niHace  ia  touched.  Thia  ia 
borne  on  a  dilated,  foliaceous 
body,  which  may  be  held 
to  represent  the  petiole  ;  but 
it  ia  horizontally   expanded  ^ 

no.  fBO.  Puhin  of  Hdlunpbeni  3M,  of  Sunuoli  poipuna;  3&,  at  Ntpnlhea.  226, 
A  pkjDadiiim  oTa  N>w  Hollsnd  Audi.  SSa,  Tha  hiss,  taulDg  i  ndnctd  compDUDd  Uads. 
FIB.  »8.    A  pUnt  or  Dtonn  miuclputk,  ndocfd  In  iIb. 
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and  netted-veiDed.    Still  mora  singular  modifictuktiu  of  the  leaf 
ara  met  with  in  the  form  of 

302.  Aieldia,orPt(cJi«rj  (Fig.  233-225).  These  occur  to  bot- 
erat  plants  of  widely  different  familiei.  If  w«  conceive  the  mar- 
gins of  the  dilated  petiole  of  Dionea  to  curve  inwards  until  tbey 
meet,  and  cohere  with  each  other,  there  would  result  a  leaf  not 
unlike  that  of  Sarracenia  purpurea,  the  common  Pitcher-plant  or 
Sidesaddle  Flower  of  the  Northern  United  Slates  (Fig.  334),  in 
which,  accordingly,  the  tuhe  or  pitcher  may  be  considered  as  the 
petiole,  and  the  hood  at  the  summit  as  the  lamina.  This  view  is 
confirmed  by  a  new  Pitcher-plant  of  the  same  family  (Heliampho* 
ra,  Fig.  223),  recently  discovered  by  Mr.  Schomburgk  in  the 
mountains  of  British  Guiana,  and  described  by  Mr.  Bentham ;  in 
which  the  margins  of  the  dilated  petiole  are  not  always  united 
quite  to  the  summit,  and  the  lamina  is  represented  by  a  small 
concave  terminal  appendage.  In  the  curious  Nepenthes  (Fi^ 
225),  the  petiole  is  first  dilated  into  a  kind  of  lamina,  then  con- 
tracted  into  a  tendril,  and  finally  dilated  into  a  pitcher,  containing 
fluid  secreted  by  the  plant  itself;  the  orifice  being  accuiaiely 
dosed  by  a  lid,  which  is  from  analogy  supposed  to  represent  the 
real  blade  of  the  leaf. 

803.  The  cohesion  of  the  edges  of  a  leaf  with  each  other,  <a 
with  neighboring  organs,  is  by  do  means  infrequent;  since  all 
p&Tti  or  organs  of  a  plant  which  are  contigu- 
ous at  the  time  of  Uieir  development  are  liable 
to  become  ingrafW  or  to  cohero  together. 
This  is  illustrated  by  the  formation  of  peltate 
leaves  (Fig.  203, 304),  and  likewise  by  what 
are  termed  per/blioM  leaves ;  whether  formed 
by  the  union  of  the  baaes  of  a  pair  of  opposite 
sessile  leaves  {camiale-perfoliaU),  as  in  Sil- 
phium  perfoliatum,  Trioeteum  perfollatum, 
I  the  upper  pairs  of  the  Honeysuckle,  iui. ;  or 

I  consisting  of  a  single  clasping  leaf,  the  pos- 

terior lobes  of  which  encompass  the  stem  and 
cohere  on  the  opposite  side,  as  is  seen  in 
Bupleurum  rotund  ifolium,  Uvularia  perfoliata, 
and  Bapdsia  perfoliata  (Fig.  329). 

FIOi  M-    FwWiUa  l«nt  of  BiptUls  perfcllua. 
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804.  WpilM  (9Sd)  we  lateral  appendages  of  leaves,  usuallr  n 
(be  form  of  small  folJaceous  bodies,  situated  on  eaoh  side  of  the 
base  of  tbe  petiole  (Pig.  216,  &.C.).  Tbey  are  not  found  at  all  in 
■  great  number  of  plants;  but  their  presence  or  absence  is  usually 
unifonn  thiougbout  each  natural  order.  They  commonly  have  the 
teiture,  color,  and  venation  of  leaves,  and  are  subject  to  similar 
nodificalions.  Like  leaves,  they  are  sometimes  membranaceous 
or  scale-like,  and  sometimes  transformed  into  spines,  iic. ;  and  they 
bave  also  a  strong  tendency  to  cohere  with  each  other,  or  with  tbe 
bsse  of  the  petiole.  Thus,  in  the  Clover,  the  Strawberry,  and  tbe 
fioee  (Fig.  S15),  a  stipule  adheres  to  each  side  of  the  base  of  the 
petiole  ;  in  the  Plane-tree,  they  are  free  from  the  petiole,  but  co- 
here by  their  outer  margins,  so  as  to  form  an  apparently  single 
■dpole  opposite  the  leaf.  In  other  cases,  both  margins  are  united, 
fi>nning  a  sheath  around  the  stem,  just  above  the  leaf:  these  are 
called  intrafoliaceotta  stipules,  or,  when  membnmaceolis,  as  in  Po- 
Ij^um  (see  Ord.  Polygonaces),  tbey  have  been  termed  ocArsa. 
Wbsn  opposite  leaves  bave  stipules,  which  is  not  very  commoa, 
tbey  usually  occupy  tbe  space  between  the  petioles  on  each  side, 
sad  are  termed  interpetiolar.  The  stipules  of  each  leaf  (one  on 
«ach  side),  being  thus  placed  in  contact,  frequently  unite,  so  as  to 
farm  apparently  but  a  single  pair  of  stipules  for  each  pair  of  leaves ; 
iislances  of  which  are  very  common  in  tbe  order  RubiacecB. 

305.  When  leaves  are  furnished  with  stipules,  they  are  said  to 
be  MtipuhUe:  when  destitute  of  these  appendages,  exttipulaU.  , 
Tbey  are  sometimes  present  in  young  leaves  only ;  as  in  tbe 
Beech,  the  Fig,  and  the  Magnolia  (Fig.  130,  131),  where  tbey 
twin  tbe  covering  of  tbe  buds,  but  fall  away  as  these  expand. 

306.  The  leaflets  of  compound  leaves  are  sometimes  provided 
viih  small  stipules  (ttipellet)  of  their  own,  as  in  the  Bean  (Fig, 
831) ;  when  they  are  said  te  be  UipeUate. 

Sect.  HI.    Tee  Death  and  Fall  op  the  Leaves  ;    Exhala- 
tion, ETC. 

807.  While  the  ails,  or  portion  of  each  pbylon  that  belongs  to 
the  stem,  is  pennaoent  during  tbe  life  of  the  individual  plant,  the 
leaf  lasts  only  for  a  limited  period,  and  is  thrown  oS*,  or  perishes 
■nd  decays,  after  having  fulfilled  its  temporary  office. 

806,  Danliai  of  Lunt.    In  view  of  tbeir  duration,  leaves  art 
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called  Jiigadout,  when  they  fall  off  soon  after  their  first  appear- 
snce  ;  deeiduout,  when  they  laat  only  for  a  single  season  ;  and 
penitent,  when  they  remain  through  the  cold  seaaon,  or  other 
interval  during  which  vegetation  is  interrupted,  and  until  after  the 
apptarance  of  new  leaves,  so  that  the  stem  is  never  leafleas ;  as 
in  Evergreens. 

309.  Leaves  last  for  a  single  year  only  in  many  Evergreens,  as 
well  as  in  deciduoua-leaved  plants ;  the  old  leaves  falling  acmi 
after  those  of  the  ensuing  season  are  expanded,  or,  if  they  remaia 
longer,  ceasing  to  bear  any  active  part  in  the  economy  of  the  veg- 
etable, and  soon  losing  their  vitality  altogether.  In  Pines  and 
Firs,  however,  as  in  many  other  evergreen  trees  and  shrubs,  al- 
though there  is  an  annual  fall  of  leaves  while  the  growth  of  the 
season  is  taking  place,  yet  these  were  the  produce  of  some  seasoa 
earlier  than  the  last;  and  the  branches  are  continually  clothed 
with  the  foliage  of  from  two  to  five,  or  even  eight  or  ten,  succes- 
uve  years.  On  the  other  hand,  it  is  seldom  that  all  the  leaves  of 
an  herb  endure  through  the  whole  growing  seaaon,  but  the  earlier 
foliage  near  the  base  of  the  stem  perishes  and  falls,  while  fresh 
leaves  are  still  appearing  at  the  summit.  In  our  deciduous  trees 
and  shrubs,  however,  the  leaves  of  the  season  are  mostly  devel- 
oped within  a  short  period,  and  they  all  perish  nearly  at  the  some 
time.  They  are  not  destroyed  by  frost,  as  is  commonly  supposed ; 
for  they  begin  to  languish,  and  often  assume  their  autumnal  tints 
I  (as  happens  with  the  Red  Maple  especially),  or  even  fall,  before 
the  eariier  frosts;  and  when  vernal  vegetation  is  destroyed  by 
frost,  the  leaves  blacken  and  wither,  but  do  not  fall  off  entire,  as 
in  autumn.  Some  leaves  are  cast  off,  indeed,  while  their  tissues, 
at  least  at  the  base  of  the  petiole,  have  by  no  means  lost  their  vi- 
tality. Death  is  often  rather  a  consequence  than  the  cause  of  the 
fall.  Others  die  and  decay  on  the  stem  without  falling,  as  in  Palms 
and  most  Endogens;  or  else  the  dead  leaves  may  hang  on  the 
branches  through  the  winter,  as  in  the  Beech  and  some  kinds  of 
Oak,  to  fall  when  the  new  buds  expand,  the  following  spring.  We 
must  therefore  distinguish  between  the  death  and  the  (all  of  the  leaf, 

SIO.  The  Ftll  •!  IbC  Ictf  is  owing  to  an  organic  separation,,  through 
an  articuiation,  or  joint,  which  forms  between  the  base  of  the 
petiole  and  the  surface  of  the  stem  tm  which  it  rests.  The 
fonnauon  of  the  articulation  is  a  vital  process,  a  kind  of  disintegra- 
lion  of  a  transverse  layer  of  cells,  which  cuts  off  the  petiole  by  a 
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regular  line,  in  a  perfectly  unifonn  maiiiier  in  oach  species,  leav- 
ing a  clean  scar  (Fig.  137, 130)  at  the  insertion.  The  solution  of 
contmuitjt  begina  tn  the  epidermis,  where  a  faint  line  marks  the 
position  of  the  future  joint  while  the  leaf  is  still  young  and  vigor- 
ous :  later,  the  line  of  deniaication  becomes  well  marked,  internally 
as  well  as  externally ;  the  disintegrating  process  advances  from 
without  inwarda,  until  it  reaches  the  woody  bundles ;  and  the  side 
next  the  stem,  which  is  to  form  the  surface  of  the  scar,  has  a 
hyer  of  cells  condensed  into  what  appears  like  a  prolongation 
of  the  epidermis,  so  that,  when  the  leaf  separates,  "  tbe  tree 
does  not  suffer  from  the  effects  of  an  open  wound."  *'The  pro- 
vision for  the  separation  being  otice  complete,  it  requires  little  to 
effect  it ;  a  desiccation  of  one  side  of  the  leafstalk,  by  causing 
an  effort  of  torsion,  will  readily  break  through  the  small  remains  of 
tbe  Sbro-VHscular  bufidles ;  or  the  increased  size  of  the  coming 
leaf-bud  will  snap  them  ;  or,  if  these  causes  are  not  in  operation, 
■  gust  of  wind,  a  heavy  shower,  or  even  the  simple  weight  of  ihe 
lamina,  will  be  enough  to  disrupt  the  small  connections  and  send  the 
micidal  member  to  its  grave.  Such  is  the  history  of  the  fall  of  the 
leaf.  We  have  found  that  it  is  not  an  accidental  occurrence,  aris- 
iog  simply  from  tbe  vicissitudes  of  temperature  and  the  like,  but  a 
regular  and  vital  process,  which  commences  with  the  first  formation 
of  tbe  oigan,  and  is  completed  only  when  that  is  no  longer  useful ; 
tod  we  cannot  help  admiring  the  wonderful  provision  that  heals 
tbe  wound  even  before  it  is  absolutely  made,  and  affords  a  cover- 
ing from  atmospheric  changes  before  tbe  part  can  be  subjected  to 
tlieni."  *  Leaves  fall  by  sn  articulation  in  most  Exogenous  plants, 
where  the  insertion  usually  occupies  only  a  moderate  part  of  the 
circumference  of  the  stem,  and  especially  in  those  with  woody 
stems  which  continue  to  increase  in  diameter.  When  they  are 
not  cast  off  in  autumn,  therefore,  the  disruption  inevitably  takes 
place  the  next  spring,  or  whenever  the  circumference  further  en- 
larges. But  in,  most  Endogenous  plants,  where  tbe  leaves  are 
Kaicely,  if  at  all,  articulated  with  the  stem,  which  iDcreases  little 
in  diameter  subsequently  to  its  early  growth,  they  aro  not  thrown 
off,  but  simply  wither  and  decay ;  their  dead  bases  or  petioles 
being  oflen  persistent  for  a  long  time. 
311.  The  Bnll  of  flu  Leaf,  however,  in  these  and  other  oases,  is 
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■till  to  be  explaiaed.  Why  have  leaves  such  a  lemporaTy  exist- 
ence ?  Why  in  ordiaary  cases  do  they  last  only  for  a  single  year, 
or  B  single  summer  f  The  answer  to  this  question  is  to  be  found 
in  the  anatomical  structure  of  the  leaf,  and  the  nature  and  amount 
of  the  fluid  which  it  receives  and  exhales.  The  water  conlinually 
absorbed  by  the  roots  dissolves,  as  it  percolates  the  soil,  a  soiall 
portion  of  earthy  matter.  In  limestone  districts  especially,  it  takes 
up  B  sensible  quantity  of  carbonate  and  sulphate  of  lime,  and  be- 
comes hard.  It  likewise  dissolves  a  smaller  proportion  of  mlez, 
magaesia,  potash,  &.c.  A  part  of  this  mineral  matter  is  at  once 
deposited  in  the  woody  tissue  of  the  stem  (SIO) ;  but  a  larger  por- 
tion  is  carried  into  the  leaves  (40,  92),  where,  as  the  water  is  ex- 
haled or  distilled  perfectly  pure,  all  this  earthy  substance  must  be 
left  behind  to  incrust  the  delicate  cells  of  the  parenchyma,  much  as 
the  vessels  in  which  water  is  boiled  for  culinary  purposes  are  in  time 
incrusled  with  an  earthy  deposit  This  earthy  incnislation,  in  con- 
neciion  with  the  deposition  of  organic  solidilied  matter  (39),  grad- 
ually chokes  the  tissue  of  the  leaf,  obstructs  the  exhalation,  and 
finally  unfits  it  for  the  performance  of  its  ofiices.  Hence  the  Iresh 
leaves  most  actively  fulfil  their  functions  in  spring  and  early  sum- 
mer ;  but  languish  towards  autumn,  and  ere  long  inevitaUy  perish. 
Hence,  although  the  roots  and  branches  may  be  permanent,  the 
necessity  that  the  leaves  should  be  annually  renewed.  But  the 
former  are,  in  fact,  annually  renewed  likewise ;  and  life  abBudons 
the  annua)  layers  of  wood  and  barii  almost  as  soon  as  it  does  the 
leaves  they  supply  (316,  217,  228),  and  for  similar  reasons ;  al- 
though their  situation  is  such  that  they  become  part  of  a  perma* 
nent  structure,  and  serve  to  convey  the  sap  even  when  no  longer 
endowed  with  vital i^. 

312.  The  general  correctness  of  this  view  may  be  tested  by  di- 
rect microscopical  observation.  In  Fig.  165, 186,  some  superficial 
parenchyma  thus  obstructed  by  long  use  is  represented ;  and  sim- 
ilar illuetrations  may  be  obtained  from  ordinary  leaves.  That  this 
deposit  consists  in  great  part  of  earthy  matter  is  shown  by  care- 
fully burning  away  the  organic  materials  of  an  autumnal  leaf  over 
a  lamp,  and  examining  the  ashes  by  the  microscope ;  which  will  be 
found  very  perfectly  to  exhibit  the  form  of  the  cells.  The  ashu 
which  remain  when  a  leaf  or  other  vegetable  substance  is  burned 
in  the  open  air  represent  the  earthy  materials  which  it  has  accu- 
mulated.   A  vernal  leaf  leaves  only  the  minutest  quanti^  of  a^ 
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W;  anautumiial  leaf  yields  ft  very  large  proportioOi — frooi  ten  to 
thirty  times  as  much  as  the  wood  of  the  same  species ;  although 
tbe  leaves  contain  the  deposit  of  a  single  season  only,  while  the 
beart-wood  is  loaded  with  the  accumulations  of  successive  years.' 

313.  KihsliHiiB  frOB  tke  LmTH.  The  quanti^  of  water  exhaled 
from  the  leaves  during  active  vegetation  is  very  great  In  one  of 
the  well-known  experiments  of  Hales,  a  Sunflower  three  and  s 
half  feet  high,  with  a  surface  of  5,616  square  inches  exposed  to 
the  air,  was  found  to  perspire  at  the  rale  of  twenty  to  thirty  ounces 
■Toirdupois  every  twelve  hours,  or  seventeen  times  more  than  a 
man.  A  Vine,  with  twelve  square  feet  of  foliage,  exhaled  at  the 
mie  of  five  or  six  ounces  a  day ;  and  a  seedling  Apple-tree,  with 
eleren  square  feet  of  foliage,  lost  nine  ounces  a  day.  The  amount 
nries  with  tbe  degree  of  warmth  and  dryness  of  the  air,  and  of  ex- 
posure to  light ;  and  is  also  very  different  in  difierent  species,  some 
exhaling  more  copiously  even  than  the  Sunflower.  But  when  we 
consider  the  vast  perspiring  sur&ce  presented  by  a  large  tree  in  full 
leaf,  it  is  evident  that  the  quantity  of  watery  vapor  it  exhales  must 
be  immense.  This  exhalation  is  dependent  on  the  capacity  of  tbe 
air  for  moisture  at  the  time,  and  upon  the  presence  of  the  sun ; 
oAea  it  is  scarcely  perceptible  during  the  night.  The  Sunflower, 
is  ibe  experiment  of  Hales,  lost  only  three  ounces  in  a  warm,  dry 
oigfat,  and  underwent  no  diminution  during  a  dewy  night 

314.  Klie  of  ttu  8ip>  Now  this  exhalation  by  the  leaves  requires 
I  corresponding  absorption  by  the  roots.  The  one  is  the  measure 
of  the  other.  If  the  leaves  exhale  more  in  a  given  time  than  the 
rooU  can  restore  by  absorption  from  the  soil,  the  foliage  droops; 
u  we  see  in  a  hot  and  dry  summer  afternoon,  when  the  drain  by 
exhalation  is  very  great,  while  a  further  supply  of  moisture  can 
liudly  be  extorted  from  the  parched  soil ;  —  as  we  observe  also  in 
t  leafy  plant  newly  transplanted,  where  tbe  injured  rootlets  are  not 
imoiediately  in  a  fit  condition  for  absorption.  Ordinarily,  how* 
ever,  exhalation  by  the  leaves  and  absorption  by  the  roots  are  in 

*  The  dried  leavea  of  tlie  Kim  contaia  more  than  deven  ptr  omL  of  sshts, 
vfcBa  tha  wood  MDUini  ]«h  thsn  two  per  ant. ;  Ibow  of  lbs  Willow,  more 
tba  eigfat  per  oxK.,  while  the  wood  hai  only  049 ;  those  of  the  Beech,  6.69, 
tb  wood  only  0.36  -,  those  of  the  (Earopeui)  Oak,  4.05,  the  wood  onlj  O.Sl ; 
lk«N  of  the  ntch-Pine,  3  IS,  the  wt>od  onljr  0.35  per  unf.  Heace  the  decajing 
WMge  in  our  lbmt«  reatoni  to  the  loil  a  large  proportion  of  the  inorginic 
■■tRr  which  dM  treea  &om  fear  to  year  take  from  it. 
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direct  ratio  to  each  oAer,  and  the  loaa  sustained  by  the  leaves  is 
immediately  restored  (by  endosmoeis,  37)  thiou^  the  SBceot  of 
the  sap  from  the  bmoches,  the  latter  beiog  constantly  supplied  by 
the  stem ;  ao  that,  during  active  vegetation,  the  sap  ascends  from 
the  remotest  rootlets  to  the  highest  leaves,  with  a  nq>idity  corre- 
sponding to  the  amount  of  ezhalatioD.  The  action  of  the  leaves  is, 
therefbre,  the  principal  mechanical  cause  of  the  ascent  of  the  sap. 
This  is  beautifully  illustrated  when  a  graft  has  a  different  time  of 
lealing  from  that  of  the  stock  upcm  which  it  is  made  to  grow,  the 
grafl  wholly  regulating  the  season  or  temperature  at  which  the  sap 
is  put  in  motion,  and  controlling  the  habits  of  the  original  stock- 
Also  by  introducing  the  branches  of  a  tree  into  a  conservatory 
during  winter ;  when,  as  their  buds  expand,  the  sap  in  the  trunk 
without  is  set  unseasonably  into  motion  to  supply  the  demand. 

815.  During  the  summer's  vegetatiim,  while  tbe  sap  is  consumed 
or  exhaled  almost  as  fast  as  it  enters  the  plant,  no  ccmsiderable 
accumulation  can  take  place :  but  in  autumn,  when  the  leaves  per- 
tsh,  the  rootiets,  buried  in  the  soil  beyond  (he  influence  of  tbe  cold, 
which  checks  all  vegetation  above  ground,  continue  for  a  time 
■lowly  to  absorb  the  fluid  presented  to  them.  Thus  the  trunks  of 
many  trees  are  at  this  season  gorged  with  sap,  which  will  flow 
from  incisions  made  into  the  wood.  This  sap  undergoes  a  gradual 
change  during  the  winter,  and  deposits  its  solid  matter  in  the  tubes 
and  cells  of  the  wood.  The  absorption  recommences  in  the 
spring,  before  new  leaves  are  expanded  to  consume  the  fluid ;  tbe 
soluble  matters  in  the  tissue  of  the  stem  an  redissolved,  and  tbe 
trunk  is  consequentiy  again  gorged  with  sap,  which  will  fiow,  or 
bleed,  when  wotmded.  But  when  the  leaves  resume  their  func- 
tions, or  when  flowers  are  developed  befcffe  the  leaves  appear,  as 
in  many  forest-trees,  this  stock  of  rich  sap  is  rapidly  consumed, 
And  the  sap  will  no  longer  flow  from  an  incision.  It  is  not,  there- 
fore, at  the  period  when  the  trunk  is  moat  gorged  with  sap,  in 
ipring  and  autumn,  but  when  least  so,  during  summer,  tfa&t  the 
sap  is  probably  moat  rapidly  ascending. 
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CHAPTER  Vi. 

OF  THE  FOOD  AND  NUTRITION  OF  PLANTS. 

Sect.  I.    The  General  Phtsioldqy  of  Veoetation. 

816,  The  Oi^^ods  of  Vegetation  or  Nutrition  (those  by  which 
pluttB  grow  and  foim- their  various  products)  having  now  been 
cooaidered,  both  aeparstely  and  to  some  extent  in  their  combined 
acliaii,  we  are  prepared  to  take  a  comprehensive  survey  of  the 
general  phenomena  and  results  of  vegetation ;  to  inquire  into  the 
^rnenlary  composition  of  plants,  the  nature  of  the  food  by  whi^ 
tbey  are  nourished,  the  sources  from  which  this  food  is  derived, 
udthe  transformatiooB  it  undergoes  in  their  system,  chiefly  in  the 
kaves.  h  is  in  vegetable  digestion,  or,  to  use  a  better  term,  in  . 
amnlnfton,  that  the  essential  nature  of  vegetaticm  is  to  be  sougKt, 
uce  it  is  in  this  process  alone  that  mineral,  unorganized  matter  is 
coDTefted  into  the  tissue  of  plants  and  other  forms  of  organized 
DUter  (12, 15,  16).  From  this  point  of  view,  therefore,  the  re- 
ciprocal relations  and  influences  of  the  mineral,  vegetable,  and 
animal  kingdoms  may  be  most  advantageously  contemplated,  and 
ibe  office  of  plants  in  the  general  economy  of  the  worid  best  under- 
tUod.  This  portion  of  general  physiology  is  intimately  connected 
nthcliemistTy,andsomeknowledgeof  that  science  is  requisite  for 
Ibe  due  comprehension  of  the  subject,  especially  in  relation  to  its 
nceedlngly  important  applications  to  agriculture  and  horticulture. 
We  are  here  restricted  to  the  bare  statement  of  the  leading  facts 
vhich  are  thought  to  be  established,  end  the  more  important  de- 
dnctiotu  which  may  be  drawn  from  them ;  omitting,  for  the  most 
pen,  to  adduce  the  evidence  by  which  these  general  propositions 
are  supported. 

317.  Although  the  organs  of  vegetation  have  been  considered 
BDalomically  and  morphologically,  or  in  view  of  their  structure 
ud  development,  still  the  leading  points  of  tbeir  physiology,  or 
Hnoecled  action  in  the  maintenance  of  the  life-  and  grovrth  of  the 
]^Dt,  have  from  time  to  time  been  explained  or  assumed. 

318.  The  functions  of  nutrition,  which,  in  the  higher  animals, 
compnse  a  variety  of  distinct  processes,  are  redxced  to  the  greatest 

16 
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degree  of  simplicity  in  vegetables.     Imiihition,  asrimVation, 
growth^  and  perhaps  geeretion,  apparently  include  the  whole. 

819.  Plants  absorb  their  food,  entirely  in  a  liquid  or  gaseous 
form,  by  imbibition,  according  to  the  law  of  endosmosis  (37), 
through  the  walls  of  the  cells  that  form  the  surface,  princip^iy 
those  of  the  newest  roots  and  their  fibrils  (120).  The  fluid  ab- 
sorbed by  the  roots,  mingled  in  the  cells  with  some  previously  as- 
similated matter  they  contain  in  solution  (27,  79),  is  difftised  by 
ezosmosis  and  endoemoals  from  cell  to  cell,  aided  by  the  capillary 
action  of  the  fibro- vascular  tissue  of  the  wood,  through  the  newer 
parts  of  which  the  sap  principally  rises  in  stems  of  some  age  (210, 
217) ;  and  is  attracted  into  the  leaves  (or  to  other  parts  of  the  aur. 
face  of  the  plant  exposed  to  the  air  and  light)  by  the  exhalation 
which  takes  place  from  them  (314),  and  the  consequent  inspissa- 
tion  of  the  sap.  Here,  exposed  to  the  light  of  the  sun,  the  crude 
sap  is  assimilated,  or  converted  into  organizable  matter  (79),  with 
the  evolution  of  oxygen  gas  into  the  air ;  and,  thus  prepared  to  form 
vegetable  tissue  or  any  organic  product,  the  elaborated  fluid  is  at- 
tracted into  growing  parts  by  endosmosis,  in  consequence  of  its  coo. 
sumption  and  condenBation  there,  or  is  diffused  through  the  newer 
tissues.  The  fluids  are  transferred  from  place  to  place  by  permea- 
tion and  difiusion,  according  to  a  simple  physical  law.  There  is 
no  movement  in  plants  of  the  nature  of  the  circulation  in  animali 
(37).  Even  in  the  so-called  vessels  of  the  latex  there  is  merely  a 
mechanical  flow  from  the  turgid  tubes  towards  the  place  where  the 
liquid  is  escaping  when  wounded,  or  from  a  part  placed  under  in- 
creased pressure  (63).  The  only  circulation,  or  directly  vita! 
movement  of  fluid,  in  vegetable  tissue,  is  that  of  rotation,  or  the  sys- 
tem of  currents  in  or  next  the  layer  of  protoplasm  in  young  and 
active  cells  (36)  :  this  movement  is  confined  to  the  individual  cell, 
and  can  have  do  influence  in  the  transference  of  the  sap  from  ceil 
to  cell.  Bespiration  is  likewise  a  function  of  animals  alone. 
What  is  so  called  in  vegetables  is  connected  with  assimilation, 
and  is  of  entirely  difibrent  physiological  significance,  as  will  pres- 
ei^ly  be  shown.  None  of  the  secretions  of  plants  appear,  like 
many  of  those  of  animals,  to  play  any  part,  at  least  any  essential 
part,  in  nutrition.  Many,  if  not  all  of  them,  are  purely  chemicsl 
transformations  of  the  general  assimilated  products  of  plants,— 
are  excrettoni  rather  than  secretions  (60). 
320.  The  appropriation  of  assimilated  matter  in  vegetable  growihi 
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and  the  production  and  multi plication  of  cells,  which  make  up  the 
fabric  of  the  plant,  have  already  been  treated  of  (25-39).  We 
have  DOW  only  to  consider  what  the  food  of  plants  is,  whence  it  is 
derived,  and  how  it  is  elaborated. 


Sect.  II.    The  Foon  anu  the  ELBHBnTARr  Comfositiok  op 
Plahtb. 

321,  Thi  FMd  and  the  elementary  composition  of  plants  stand 
in  a  necessary  relation  to  each  other.  Since  it  is  not  to  be  sup- 
posed that  plants  possess  the  power  of  creating  any  simple  element, 
wbsterer  they  consist  of  must  have  been  derived  from  without, 
'nieir  eompotition  indicates  their ^ootl,  and  vice  versa.  If  we  have 
learned  the  chemical  composition  of  a  vegetable,  and  also  what  it 
gives  back  to  the  soil  and  the  air,  we  know  consequently  what  it 
must  have  derived  from  without,  that  is.  Its  food.  Or,  if  we  have 
ncertained  what  the  plant  takes  from  the  soil  and  air,  and  what  it 
tetnms  to  them,  we  have  learned  its  chemical  composition,  namely, 
lbs  difference  between  these  two.  And  when  we  compare  the  na- 
ture and  condition  of  the  materials  which  the  plant  takes  from  the 
nil  and  the  air  with  what  it  gives  back  to  them,  we  may  form  a 
correct  notion  of  the  influence  of  vegetation  upon  the  mineral  king- 
loin.  By  considering  the  materials  of  which  plants  are  composed, 
we  Eoay  learn  what  their  food  must  necessarily  contain. 

322.  The  Conititaenll  of  Plsntt  are  of  two  kinds ;  the  earthi/  or  m- 
Mr-^inic,  and  the  organic.  It  has  been  stated  (40,  91)  that  various 
tanhy  matters,  dissolved  by  the  water  which  the  roots  absorb,  are 
itun  into  the  plant,  and  at  length  deposited  in  the  wood,  leaves, 
&C  These  form  the  ashes  which  are  left  on  burning  a  leaf  or  a 
|Hece  of  wood.  Although  these  mineral  matters  are  often  turned 
to  account  by  the  plant,  and  some  of  them  are  necessary  in  the 
formation  of  certain  products,  (as  the  silex  which  gives  needful 
GnoDess  to  the  stalk  of  Wheat,  and  the  phosphates  which  are 
found  in  the  grain,)  yet  none  of  them  are  essential  to  simple  vege> 
li^,  which  may,  and  sometimes  does,  proceed  without  them. 
These  materials,  the  presence  of  which  is  in  some  sort  accidental, 
llxragfa  in  certain  cases  essential,  are  distinguished  as  the  earthy, 
WMMcral,  or  inorganie  eotutituenU  of  plants.  This  class  may 
Im  left  entirely  out  of  view  for  the  present  But  the  analysis  of 
uy  oewly  formed  vegetable  tissue,  or  of  any  part  of  the  plant. 
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such  as  a  piece  of  wood,  after  the  iacrusting  mineral  matter  has 
been  chemically  removed,  invariably  yields  but  three  or  four  ele- 
menls.  These,  which  are  indispensable  to  vegetation,  and  make 
up  at  least  from  eighty-eight  to  ninety-nine  per  cent,  of  every  veg- 
etable substance,  are  termed  the  unioenal,  organic  coiatitvents  of 
plants.  They  are  Carbon,  Hydrogen,  Osygen,  and  Nitrogen  (10) 
The  proper  vegetable  structure,  that  is,  the  tissue  itself,  uniformly 
consists  of  only  three  of  these  elements,  namely,  carbon,  hydrogen, 
and  oxygen.  These  are  absolutely  essential  and  universal ;  while 
the  fourth,  nitrogen,  is  an  essetttial  coDstlluent  of  the  protoplasm, 
which  plays  so  important  a  part  in  the  formation  of  the  cells  (37), 
and  of  certain  vegetable  products. 

S23.  Tbe  OifUie  ConitltBeili.  These  four  elemenU  must  be  (kir- 
nished  by  (he  food  upon  which  the  vegetable  lives  ;  —  they  must 
be  drawn  from  the  soil  and  the  air;  in  some  cases, doubtless, from 
the  latter  source,  as  in  Epiphytes,  or  Air-plants  (133),  but  geoer- 
ally  and  principally  by  absorption  through  the  roots.  The  plant's 
nourishment  is  wholly  received  either  in  the  gaseous  or  tbe  liquid 
form;  for  tbe  leaves  can  imbibe  air  or  vapor  only  (263- 26S), 
while  the  tissue  of  the  rootlets  is  especially  adapted  to  absorb 
liquids,  and  is  incapable  of  taking  in  solid  matter,  however  mi- 
nutely divided  (Pig.  lOS-UO). 

324.  In  whatever  mode  imbibed,  evidently  tbe  main  vehicle  of 
the  plant^s  nourishment  is  tealer,  which  as  a  liquid  bathes  its  roots, 
and  in  the  state  of  vapor  continually  surrounds  its  leaves.  We 
have  seen  how  copiously  water  is  taken  up  by  the  growing  plant, 
and  have  formed  some  general  idea  of  its  amount  by  the  quantity 
that  is  exhaled  unconsumed  by  the  leaves  (313),  But  pure  water, 
although  indispensable,  is  insufficient  for  the  nourishment  of  plants. 
It  consists  of  oxygen  and  hydrogen  ;  and  therefore  may  furnish, 
and  doubtless  does  principally  furnish,  these  two  essential  elements 
of  the  vegetable  structure.  But  it  cannot  supply  what  it  does  not 
itself  contain,  namely,  the  carbon  and  nitrogen  which  the  plant 
also  requires. 

3S5.  Yet  the  question  arises,  whether  the  water  which  the  plant 
actually  imbibes  contains  in  fact  a  quantity  of  these  remaining 
elements.  Though  pure  water  cannot,  may  not  rmn-toater  supply 
the  needful  carbon  and  nitrogen  f  It  is  evident  that,  if  the  waW 
which  in  such  large  quantities  rises  through  the  plant  and  is  ex- 
haled from  its  leaves  contain  even  a  very>  minute  quantity  of  tbcM 
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ingredienb,  in  such  a  form  ibat  ihey  may  be  detained  when  the 
■aperfliwui  irater  ia  exhaled,  this  might  furnish  the  whole  organic 
food  of  the  vegetable ;  since  the  plant  may  condenM  and  accumu- 
late the  carbon  and  nitrogen,  just  as  the  extremely  minute  quantity 
of  earthy  matter  which  the  water  contains  is  in  time  largely  ac- 
comalaled  in  the  leaves  and  wood. 

326.  As  respects  the  nitrogen,  nearly  seventy-nine  per  cent,  of 
the  atmoaphere  consists  of  this  gas  in  an  uncombined  or  free  state, 
thai  is,  merely  mingled  with  oxygen.  And,  being  soluble  to  some 
extent  in  water,  every  rain*drop  that  falls  through  the  air  absorbs 
and  brings  to  the  ground  a  minute  quantity  of  it,  which  is  therefore 
necessarily  introduced  into  the  plant  with  the  water  which  the  roots 
imbibe.  This  accounts  for  the  free  nitrogen  which  is  always  pres- 
ent in  plants. 

327.  The  plant  also  receives,  probably,  a  larger  portion  of  its 
nitrogen  in  the  form  of  ammooia  (or  hartshorn),  a  compound  of 
liydn^n  and  nitrogen,  which  ia  always  produced  when  any  ani- 
mal and  almost  any  vegetable  substance  decays,  and  which,  being 
TGiy  volatile,  must  continually  rise  into  the  air  from  these  and 
odier  sources.  Besides,  it  appears  to  be  formed  in  the  atmosphere, 
duough  electrical  action  in  thunderstorms  (in  the  form  of  nitrate  of 
sntmonia).  The  extreme  solubility  of  ammonia  and  all  its  com- 
pounds prevents  its  accumulation  in  the  atmosphere,  from  which  it 
it  greedily  absorbed  by  aqueous  vapor,  and  brought  down  to  the 
ground  by  rain.  That  the  roots  actually  absorb  it  may  be  inferred 
from  the  familiar  facts,  that  plants  grow  most  luxuriantly  when  the 
•oil  is  supplied  with  substances  which  yield  much  ammonia,  such 
u  animal  manures ;  and  that  ammonia  may  be  detected  in  the 
juices  of  almost  all  plants.  Rain-water,  therefore,  contains  the 
third  element  of  vegetation,  namely,  nitrogen,  both  in  a  separate 
form  and  in  that  of  ammonia. 

328.  The  source  of  the  remaining  constituent,  carbon,  is  still  to 
be  sought.  Of  this  element  plants  must  require  a  copious  supply, 
since  it  forma  much  the  largest  portion  of  their  bulk.  If  the  carixtn 
of  a  leaf  or  of  a  piece  of  wood  be  obtained  separate  from  the  other 
organic  elements,  —  which  may  be  done  by  charring,  that  is,  by 
beating  it  out  of  contact  with  the  air,  so  as  to  drive  off  the  oxygen, 
hydrogen,  and  carbon, — although  a  small  part  of  the  caH>on  is 
necessarily  lost  in  the  operation,  yet  what  remains  perfectly  pre- 
serves the  shape  of  the  original  body,  even  to  that  of  its  most 
16* 


,y  Google 


166  "TBS   700D  AHD  RUTBITIOK   OF   FLAHT8. 

delicate  cells  and  vessels.  With  the  exception  of  the  ashes,  diU 
coQaista  of  carbon,  or  charcoal,  amounting  to  from  forty  to  sixty 
per  eeat.,  by  weight,  of  the  original  material.  Carbon  is  itself  a 
solid,  absolutely  insoluble  in  water,  and  therefore  incapable  of  as- 
sumption by  the  plant.  The  chief,  if  not  the  only  fluid  compound 
of  carbon  which  is  naturally  presented  to  the  plant,  is  that  of  car- 
bonic acid  gas,  which  consists  of  carbon  united  with  oxygen.  This 
gas  makes  up  on  the  average  one  two-thousandth  of  the  bulk  of  the 
atmosphere ;  from  which  it  may  be  directly  absorbed  by  the  leaves. 
But,  being  freely  soluble  in  water  up  to  a  certain  point,  it  must 
also  be  carried  dowa  by  the  rain  and  imbibed  by  the  roots.  Hie 
carbonic  acid  of  the  atmosphere  is  therefore  the  great  source  of 
carbon  for  vegetation. 

329.  It  appears,  then,  that  the  atmosphere  —  considering  water 
in  the  state  of  vapor  to  form  a  component  part  of  it -^contains  all 
the  essential  materials  for  the  growth  of  vegetables,  and  in  the  form 
best  adapted  to  their  use,  namely,  in  the  fluid  state.  It  furnishes 
water,  which  is  not  only  food  itself,  inasmuch  as  it  supplies  oxygen 
and  hydrogen,  but  ia  likewise  the  vehicle  of  the  others,  conveying 
to  the  roots  what  it  has  gathered  from  the  air,  namely,  the  requi»te 
supply  of  nitrogen,  either  separately  or  in  the  form  of  ammonia, 
and  of  carbon  in  the  form  of  carbonic  acid. 

330.  These  essential  elements,  the  whole  proper  food  of  plants, 
may  be  absorbed  by  the  leaves  directly  from  the  air,  in  the  slate  of 
gas  or  vapor.  Doubtless  most  plants  actually  take  in  a  portion  of 
their  food  in  this  way,  at  least  when  other  supply  is  arrested. 
Drooping  foliage  may  be  revived  by  sprinkling  with  water,  or 
by  exposure  to  a  moist  atmosphere.  A  vigorous  branch  of  the 
common  Live-for-ever  (Sedum  Telephium),  or  of  many  such 
plants,  it  is  well  known,  will  live  and  grow  for  a  whole  season 
when  pinned  to  a  dry,  bare  wall ;  and  the  Epiphytes,  or  Air-planla 
(133),  as  they  are  aptly  called,  must  derive  their  whole  sustenance 
immediately  from  the  air;  for  they  have  no  connection  with  the 
ground. 

331.  But  the  peculiar  ofiice  of  leaves  is  something  diflereut  friHii 
that  of  absorbing  nourishment.  Aa  a  comprehensive  statement, 
leaving  extraordinary  cases  out  of  view,  it  may  be  said  that  plants, 
allbough  they  derive  their  food  fh>m  the  air,  receive  it  chiefly 
through  their  roots.  The  aqueous  vapor,  condensed  into  rain  or 
dew,  and  bringing  with  it  to  the  ground  a  portion  of  carhonie  acid. 
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and  of  nitrogen  or  ammonia,  &.C.,  supplies  the  appropriate  food  of 
the  plant  to  the  rootleta.  Imbibed  by  these,  it  is  conveyed  through 
the  stem  and  into  the  leaves,  where  the  now  Buperfluoua  water  is 
restored  to  the  atmosphere  by  exhalation,'  while  the  residue  is  con- 
verted into  the  proper  nourishment  and  substance  of  the  vegetable. 

332.  The  atmosphere  is  therefore  the  great  storehouse  from 
which  vegetables  derive  their  nourishment ;  and  it  might  be  clearly 
iboiro  that  all  the  constituents  of  planla,  excepting  the  small  earthy 
portion  that  many  can  do  without,  have  at  some  period  formed  a 
part  of  the  atmosphere.  ,  The  vegetable  kingdom  represents  an 
amount  of  matter,  which  the  force  of  organization  has  withdrawn 
from  the  air,  and  confined  for  a  time  to  the  surface. 

333.  Does  it  therefore  follow,  that  the  soil  merely  serves  as  a 
foothold  to  plants,  and  that  all  vegetables  obtain  their  whole  nour- 
ishment directly  from  the  atmosphere  ?  This  must  have  been  the 
case  with  the  first  plants  that  grew,  when  no  vegetable  or  animal 
nutter  existed  in  the  soil ;  and  no  less  so  with  the  first  vegetation 
dmt  covers  small  volcanic  islands  raised  in  our  own  times  from  the 
sea,  or  the  surface  of  lava  thrown  from  ordinary  volcanoes.  No 
vegetable  matter  is  brought  to  these  perfectly  sterile  mineral  soils, 
except  the  minute  portion  contained  id  the  seeds  wafted  thither  by 
winds  or  waves.  And  yet  in  time  a  vast  quantity  is  produced, 
which  is  represented  not  only  by  the  existing  vegetation,  but  by 
the  mould  that  the  decay  of  previous  generations  has  imparted  to 
the  soil.  We  arrive  at  the  same  result  by  the  simple  experiment 
of  causing  a  seed  of  known  weight  to  germinate  on  powdered 
Sints,  watered  by  rain-water  alone.     When  the  young  plant  has 

*  The  w>t«r  exhaled  may  be  again  sbsorlKd  bj  the  roots,  laden  with  •  new 
"fpij  of  ihe  other  elements  front  the  air,  again  exhaled,  and  so  on;  as  is 
Uwtifiillj  illoMnted  by  (he  cnltiTarion  of  plant*  in  doted  Ward  ciaa,  i>bei« 
planti  are  wen  to  flonriah  tOi  a  long  time  with  a  verj  limtted  tuppl;  of  water, 
tnrj  particle  of  which  (except  the  small  portion  actnsllj  cmunmed  by  the 
pluu)  moM  paw  repealedl;  through  ihii  dTcnlatton.  Ttiii  Tcgtlable  micro- 
coim  well  exhibiu  the  sctnal  relations  of  water,  &c.  to  vegetation  on  a  large 
■die  ia  nature ;  where  the  water  ia  allematelj  and  repeatcdl/  raised  by 
evipuiuion  and  iea>ndeiise<l  to  inch  extent  that  what  actnallj  falls  in  rain  I4 
■timated  10  be  raevaporBted  and  rained  down  (on  a«  average  tfaronghoat  the 
woridj  ten  or  fifteen  timea  in  the  coarse  of  a  year.  In  thii  waj  the  atmoe- 
(htn  is  repeatedly  washed  bj  the  rain ;  and  those  vapors  muhed  ma  which 
eiiG  by  their  accnniilation  would  prove  injurious  to  men  and  animaLi,  and  cod- 
njed  to  the  root*  of  plaau,  wbicli  they  are  espcdally  adapted  to  nonriah. 
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attained  ihe  fullest  development  of  which  it  ia  capable  under  these 
circumstances,  it  will  be  found  to  weigh  (after  due  allowance  for 
the  silex  it  may  have  taken  up)  perhaps  fifty  or  ooe  hundred  times 
as  much  as  the  original  seed.  There  can  be  no  question  as  to  the 
source  of  this  vegetable  matter  in  all  these  cases.  3^  re^inU 
materials  exist  in  the  air.  Plant*  possaa  the  peadiar  faculty  oj 
dratoing  them  from  the  air.  The  air  rmut  haee  furnished  the  tohoU. 
This  conclusion  is  amply  confirmed  by  a  great  variety  of  familiar 
fticts ;  such  as  the  accumulation  of  vegetable  matter  in  peat-bogs, 
and  of  mould  in  neglected  fields,  in  old  forests,  and  generally 
wherever  vegetation  is  undisturbed.  Since  this  rich  mould,  instead 
of  diminishing,  regulaHy  incftases  with  the  age  of  the  forest  and 
the  luxuriance  of  vegetation,  the  trees  must  have  drawn  from  the 
air,  not  only  the  vast  amount  of  carbon,  Ace.  that  is  stored  up  in 
their  trunks,  hut  an  additional  quantity  which  is  imparted  to  the 
soil  in  the  annual  fall  of  leaves,  &.c. 

334.  Still  it  hy  no  means  follows,  that  each  plant  draws  all  its 
nourishment  directly  from  the  air.  This  unquestionably  happens 
in  some  of  the  special  cases  just  mentioned  ;  with  Air-plants,  and 
with  those  that  first  vegetate  on  volcanic  earth,  bare  rocks,  naked 
walls,  or  pure  sand.  But  it  is  particulariy  to  be  remarked,  that 
only  certain  tribes  of  plants  will  continue  to  live  under  such  cir- 
cumstances, and  that  none  of  the  vegetables  most  useful  as  food 
for  man  or  the  higher  animals  will  thus  thrive  and  come  to  matu- 
rity. In  nature,  the  races  of  plants  that  will  grow  at  the  entire 
espeoae  of  the  air,  such  as  Lichens,  Mosses,  Ferns,  and  certain 
succulent  tribes  of  Flowering  plants,  gradually  form  a  soil  of  veg- 
etable mould  during  their  life,  which  they  increase  in  their  decay; 
and  the  successive  generations  live  more  vigorously  upon  the  in- 
heritance, being  supported  partly  upon  what  they  draw  from  tfae 
air,  and  partly  upon  the  ancestral  accumulation  of  vegetable 
mould.  Thus,  each  generation  may  enrich  the  soil,  even  of  those 
plants  that  draw  largely  upon  vegetable  matter  thus  accumulated; 
for  it  annually  restores  a  portion  by  its  dead  leaves,  &,c.,'  and  when 
it  dies  it  bequeathes  to  the  soil,  not  only  all  that  it  took  from  it,  but 
all  that  it  drew  from  the  air.  It  is  in  this  way  that  the  lower  tribes 
and  so-called  useless  plants  create  a  soil,  which  will  in  time  sup- 
port the  higher  pUmts  of  immediate  importance  to  man  and  the 
higher  animals,  but  which  could  never  grow  and  perfect  their 
fruit,  if  left,  like  their  humble  but  indispensable  predecessois,  10 
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derire  an  unaided  salMSteDce  direcdy  from  the  inorganic  world. 
Wlile  it  is  atrictty  true,  therefore,  that  all  the  organic  elemeota 
have  been  origirtally  derived  from  the  ur,  it  ia  not  true  that  what 
is  coDtained  in  almost  any  given  plant,  or  in  any  one  crop,  is  im- 
mediately drawn  from  this  source.  A  part  of  it  is  thus  supplied, 
but  in  proportions  varying  greatly  in  different  apecies  and  -under 
difierent  circumstances.  Undisturbed  vegetation  consequently 
tends  always  to  enrich  the  soil.  But  in  agriculture  the  crop  ia 
ordinarily  removed  from  the  land,  and  with  it  not  only  what  it  has 
taken  from  the  earth,  but  also  what  it  has  drawn  from  the  air ; 
and  the  soil  is  accordingly  impoverished.  Hence  the  farmer  finds 
it  necessary  to  follow  the  example  of  nature,  and  to  restore  to  the 
land,  in  the  form  of  manure,  an  amount  substantially  equivalent 
10  what  he  takes  away. 

335.  The  mode  in  which  vegetable  mould  ia  turned  to  account 
by  growing  plants  has  not  yet  been  sufficiently  investigated.  Ac- 
cording to  Liebig,  the  decaying  vegetable  matter  is  not  employed 
until  it  baa  been  resolved  into  its  original  inorganic  elements, 
namely,  into  water,  carbonic  acid,  ammonia,  &c. ;  which,  slowly 
absorbed  by  the  water  that  percolates  the  soil,  are  imbibed  by  ibo 
roots.*  Others  suppose  that  a  portion  of  the  food  which  plants  de- 
rive from  decaying  vegetable  matter  may  consist  of  soluble,  still 
organic  compounds.  The  economy  of  the  greenless  parasitic 
plants  (135)  Is  adduced  in  conflrmationof  this  view:  but  (hese  are 
nourished  by  the  foater  plant  jual  as  its  own  flowers  are  nourished. 
Decisive  evidence  to  the  point  is  furnished  by  Fungi,  the  greater 
part  of  which  live  upon  decaying  organic  matter,  and  have  not  the 
power  of  forming  organlzable  products  from  inorganic  materials ; 
and  there  ia  reason  to  think,  that  at  least  one  Phteoogamous  plant 
(oar  Monotropa,  137,  Fig.  812)  lives  in  much  the  same  way. 

336.  Tbc  Earthf  Conititiieilll.  The  mineral  substances  which  form 
Ihe  inorganic  constituents  of  plants  (332)  are  furnished  by  the  soil, 
and  are  primarily  derived  from  the  stow  disintegration  and  decom- 
pontion  of  the  rocks  and  earths  that  compose  it.*  These  are  dis- 
solved, for  ibe  roost  part,  in  very  minute  proportions,  in  the  water 
which  percolates  the  soil  (aided,  as  to  the  more  insoluble  earthy 
nils,  by  the  carbonic  acid  which  this  water  contains),  and  with  this 


*  According  to  Liehig,  (be  quantity  of  potaih  contained  In  a  lajer  of  aoU 
tinNd  bj  the  dirinttgration  of  10,000  square  feet  of  the  following  rocks,  ie., 
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water  are  taken  up  by  the  roots.  However  minute  their  proporlkHi 
ia  the  water  which  the  roots  imbibe,  the  plant  concentrates  and 
accumulates  them,  as  it  does  its  most  dilute  inorganic  food,  by  tbe 
constaot  exhalation  of  the  water  from  the  leaves,  until  they  amount 
to  an  appreciable  quantity,  of\eii  to  a  pretty  large  percentage,  of  tbe 
solid  matter  of  the  vegetable.  Aa  might  he  expected  (311),  the 
leaves  contain  a  much  larger  amount  of  ashes,  or  earthy  matter, 
than  the  wood,  but  the  mink  more  than  the  branches  (310).  Her- 
baceous plants  also  accumulate  more  than  trees  in  proportioo  to 
their  weight  when  dry." 

337.  The  ashes  left  af^er  combustion  are  mostly  composed  of 
the  "  alkaline  chlorides,  with  the  bases  of  potash  and  soda,  earthy 
and  metallic  phosphates,  caustic  or  carbonate  of  lime  and  magne- 
sia, silica,  and  oxides  of  iron  and  of  manganese.  Several  other 
Bubstaoces  are  also  met  with  there,  but  in  quantities  so  small  that 
they  may  be  neglected."  Different  species  growing  in  the  same 
soil  appear  to  take  in  some  portion  of  all  such  materials  that  are 

to  the  depth  of  tweotj  iachcs,  ia  u  fbllowi.  Thu  qomntit;  of  Felspar  (a 
luge  component  of  granile,  Ac)  contain*  I,I5!,000  lbs. 

CUnkitone,  ....  from  300,000  to  400,000    " 

Batall, "        47,600  «      79,000    ■ 

CI>J-iUle, "      100,000  "   900,000    " 

Ix>un,    .,...."        87,000   "   300,000    " 

The  Bilex  yielded  to  the  (oil  b;  the  gradaal  decompoaidon  of  granite  ud 
odier  rocka  ia  in  the  form  of  ■  ailicate  of  poiuh  or  olfaer  atk&li,  vbich,  though 
huolnble  in  pare  water,  ia  alowij  acted  npon  and  diasolred  hy  the  Biii(«d  action 
of  water  and  carbonic  acid,  or  mors  largely  by  water  impregnated  with  cariwD- 
ate  of  potaah,  which  ii  abandaotl;  liberated  during  the  natural  decompoutiDa 
ofibete  rocks. 

*  The  tnbjoined  retails,  (elected  from  Bonssitigaiilt,  exhibit  in  •  tabular 
Ibrm  the  relatiTe  quancitiea  of  organic  and  inorganic  conatitaent*  in  aeTeral 
kioda  of  herbage,  compared,  in  aeveral  casea,  with  the  root  or  grain.  The 
water  was  preTionalj  driTen  off  bj  desiccation. 
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ntaraRy  presented  to  them  in  Bolation,  but  not,  however,  in  the 
tame  proportioos,  nor  in  any  close  proportion  to  the  relative  boIo- 
Mity  of  these  sereral  substances:  while,  on  the  other  hand,  the 
■ante  species  in  difierent  localities,  under  generally  similar  cir- 
ciimstances,  and  also  each  of  its  particular  parts  or  organs,  con- 
tains, or  tends  to  contain,  the  same  mineral  constituents  in  nearly 
the  same  proportion.  One  base,  however,  is  often  substituted  for 
uratber,  equivalent  for  equivalent,  as  magnesia  for  lime,  soda  for 
potash.  The  roots, .there fore,  appear  to  have  a  certain  power  of 
selection  in  respect  to  these  mineral  materials.  Nor  is  it  a  valid 
objection  to  this  view,  that  they  absorb  poisons  which  destroy  them. 
These  are  either  organic  products,  such  as  opium ;  or  else  are 
corrosive  substances,  such  as  sulphate  of  copper,  which  disorgan- 
iie  the  rootlets,  and  are  then  indiscriminately  imbibed  by  mere 
capillary  attraction.  For  mutilated  roots  or  stems  absorb  all  dis- 
lolved  materials  of  the  proper  density  that  are  presented  to  them, 
DM  only  in  much  larger  quantity  (so  long  as  the  cut  is  fresh) 
than  do  the  uninjured  rootlets,  but  almost  indifierently,  and  in  the 
nme  proportion  that  they  absorb  the  water  they  are  dissolved  in. 

338.  In  the  ashes,  only  the  salts  which  resist  the  action  of  heat, 
roch  as  the  phosphates,  sulphates,  and  hydrochlorates,  are  in  the 
state  in  which  they  existed  in  the  plant  itself.  A  great  part  of  the 
bases  were  combined  with  organic  acids,  formed  in  the  plant,  and 
mon  largely  with  the  oxalic  (90,  91) :  these  compounds  are  by 
iociaeration,  or  by  subsequent  exposure  to  the  air,  principally  con- 
TSTted  into  carbonates. 

339.  It  being  indispensable  that  a  plant  should  find  in  the  soil 
such  mmeral  matters  as  are  necessary  to  its  growth  or  perfect  de- 
Telopment,  we  are  enabled  to  understand  why  various  species  will 
ooly  flourish  in  particular  soils  or  situations ;  why  plants  which 
Hke  up  common  salt,  inc.  are  restricted  to  the  sea-shore  and 
lo  the  vicinity  of  salt-springs ;  why  numerous  weeds  which  grow 
chiefly  around  dwellings,  and  follow  the  footsteps  of  man  and  the 
domestic  animals,  flourish  only  in  a  soil  abounding  in  nitrates 
(their  ashes  containing  a  notable  quantity  either  of  nitrato  of  pot- 
ash or  of  lime) ;  why  the  Vine  requires  alkaline  manures,  lo  re- 
place the  large  amount  of  tartrate  of  potash  which  the  grapes  con- 
lala ;  and  why  Pines  and  Firs,  the  ashes  of  which  contain  very 
little  alkali,  will  thrive  in  the  thinnest  and  most  sterile  soil,  while 
ibe  Beech,  Maple,  Elm,  &c.,  abounding  with  potash,  are  only 
foQud  in  strong  and  fertile  land. 
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840.  Where  vegetBtion  is  undisturbed  by  man,  all  these  needful 
earthy  materials,  which  are  drawn  from  the  atul  during  the  growth 
of  the  herbage  or  forest,  are  in  time  leslored  to  it  by  its  deci^, 
in  an  equally  soluble  form,  along  with  organic  matter  which  the 
vegetation  haa  fonned  from  the  air.  But  in  cultivatioQ,  the  prod- 
uce is  carried  away,  and  with  it  the  nuUerisls  which  .have  been 
slnwly  yielded  by  the  soil.  "A  medium  crop  of  Wheat  take* 
from  one  acre  of  ground  about  12  pounds,  a  crop  of  Beans  about 
30  pounds,  and  a  crop  of  Beets  about  11  pounds,  of  phosphoric 
aoid,  besides  a  very  large  quantity  of  potash  and  aoda.  It  ia  obvi> 
oua  that  such  a  process  tends  continually  to  exhaust  arable  land  of 
the  mineral  substances  useful  to  regetation  which  it  contains,  and 
that  a  time  must  come,  when,  without  supplies  of  such  miitent) 
matters,  the  land  would  become  unproductive  from  their  abstrac- 
tion  In  the  neighborhood  of  large  and  populous  towns,  for 

instance,  where  the  interest  of  the  farmer  and  market-gardener  is  to 
send  the  largest  possible  quantity  of  produce  to  market,  consuming 
the  least  pos«ble  quantity  on  the  spot,  the  want  of  saline  principles 
in  the  soil  wotlld  very  soon  be  felt,  were  it  not  that  for  every  wag- 
on-load of  greens  and  carrots,  fruit  and  potatoes,  com  and  stnw, 
that  finds  its  way  into  the  city,  a  wagon-loed  of  dung,  containii^ 
each  and  every  one  of  these  principles  locked  up  in  the  several 
crops,  is  returned  to  the  land,  and  proves  enough,  and  often  more 
thau  enough,  to  replace  all  that  has  been  carried  away  from  it"* 
The  loss  must  either  be  made  up  by  such  equivalent  return,  or  the 
land  must  lie  (allow  from  time  to  time  until  these  soluble  substan- 
ces are  restored  by  further  disintegration  of  the  materials  of  the 
soil :  or  meanwhile  the  more  exhausting  crops  may  be  alternated 
with  those  that  lake  least  from  the  soil  and  most  from  the  air;  or 

*  Bowunganlt,  EconBmt  Buraki  from  [he  Sngl.  Trans.,  p.  493.  FnrUMC' 
—  "It  maj be  iDfeired  that, in  the  moat  fj-eqneat  cue,  nunelj.  IhU of  utU* 
IsndB  not  luffidenil;  ricb  to  do  wiihoBt  manure,  there  csn  be  no  contimHtH 
fmdependent]  coitiTatioc  vitboni  annexation  of  meadow ;  in  other  worda,  <m> 
part  of  the  fum  mnit  yield  crops  without  conaatning  maanre,  m  that  tliii  nuj 
repiaee  the  alkRline  and  euthj'  sails  which  are  constanllj  withdrawn  bf  nc- 
ceuive  b«rve«U  from  another  part  Landa  enriched  bj  riTen  akuie  permit  of  ■ 
total  and  continued  export  of  their  produce  without  exhaustion.  Such  «re  tbe 
Selds  fertilized  hj  the  innndationi  of  the  Nile ;  and  it  H  difficult  to  form  n 
idea  of  the  prodigiout  quantities  of  phosphoric  add,  magnesia,  and  potsA 
which,  in  a  toccessioD  of  age*,  have  pasted  out  of  Egrpt  with  bei  Incestut  ex- 
pom  of  com." — p.  503. 
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with  rae  which,  like  clover,  although  it  takes  up  77  pounds  of  al- 
kali per  acre,  ma;  be  consumed  on  the  6eld,  so  aa  to  restore  most 
of  this  alkali  in  the  manure  for  the  silcceeding  crop, 

341.  It  has  been  asserted  that  the  advantage  of  preceding  a 
wheat  crop  by  one  of  Leguminous  plants  (such  as  Peas,  Clover, 
Lucerne,  Ate),  or  of  roots  or  tubers,  is  owing  to  the  fact,  that  these 
leave  the  phosphates,  &c.  nearly  untouched  for  the  wheat  which  is 
lo  follow,  and  which  largely  abstracts  them.  The  results  of  Bous- 
nogault's  experiments  and  analyses  show  that  these  products  are 
brfrom  having  the  deficiency  of  phosphates  which  was  alleged. 
"For  example,  beans  and  haricots  take  30  and  13.7  pounds  of 
pbocphoric  acid  from  every  acre  of  land ;  potatoes  and  beet-root 
lake  11  and  12.8  pounds  of  that  acid,  exactly  what  b  found  in  a 
eiDp  of  wheat.  Trefoil  is  equally  rich  in  phosphates  with  the 
ibeaves  of  com  that  have  gone  before  it."*  His  further  re- 
warches  seem  to  show  that  these  crops  exhaust  the  soil  less  than 
the  cereal  grains,  in  part  at  least,  on  account  of  the  lai^e  quantity 
d  organic  matter,  rich  in  nitrogen,  which  they  leave  to  be  incor- 
porated with  the  soil.  The  theory  of  rotation  in  crops,  founded  by 
De  CandoUe  on  the  assumption  that  excretions  from  the  roots  of  a 
phnt  accumulated  in  the  soil  until  in  time  they  became  injurious 
U  that  crop,  but  furnished  appropriate  food  for  a  different  species, 
i*  entirely  abandoned  as  an  explanation ;  and  even  the  fact  that 

*  Bouangaalt,  I.  c,  p.  497. —  Snbjoineil  i>  >  table,  from  the  game  work,  of 
itftrcmlagt  of  Miattal  Subitanca  taicm  up  fmm  As  toA  tg  various  ptanls 
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such  excretions  are  formed,  at  least  to  any  conuderable  eitent,  is 
not  made  out.  That  they  could  accumulate  and  remaia  in  the  stut 
without  uudergoing  decomposition  is  apparently  impossible. 

Sect.  III.    Assikilition,  ob  Vegetable  Diqbstioh,  ahd  its 
Bbsitlts. 

343.  We  have  reached  the  conclusion,  that  the  universal  food  oi 
plants  is  rain-water,  which  has  absorbed  some  carbonic  acid  gas 
and  nitrogen  (partly  in  the  form  of  ammonia  or  of  other  com- 
pounds) from  the  air,  or  dissolved  them  from  the  remains  of  foi^ 
mer  vegetation  in  the  soil,  whence  it  has  also  taken  up  a  variable 
(yet  Dwre  or  less  essential)  quantity  of  earthy  matter. 

343.  This  Buid,  imbibed  by  the  roots,  and  carried  upwards 
through  the  stem,  receives  the  name  of  ug>  or  crude  tap  (79). 
During  its  ascent,  its  properties  are  often  mora  or  less  altered, 
chiefly  by  dissolving  the  soluble  organized  matter  it  meets  with ; 
thus  becoming  sweet  in  the  Maple,  dec.,  and  acquiring  difierent 
sensible  properties  in  different  species.  This  dissolved  portion  a 
already  elaborated  food,  and  may  therefore  be  immediately  em- 
ployed in  vegetable  growth.  But  the  crude  sap  itself  is  merely 
raw  material,  unorganized,  mineral  matter,  as  yet  incapable  of 
forming  a  part  of  the  living  structure.  Its  converaion  into  oi^aa- 
ized  matter  constitules  the  process  of 

344.  AuimillllDD  (12,  15),  or  what,  from  an  analogy  with  an 
animal  function,  is  usually  termed  Vegetable  Digeitiort.  To  un- 
dergo this  important  change,  the  crude  sap  is  attracted  into  (be 
leaves,  or  other  green  parts  of  the  plant,  which  constitute  the  ap- 
paratus of  vegetable  digestion,  where  it  is  exposed  to  the  light  of 
the  sun,  under  which  influence  alone  can  this  change  be  effected. 
Under  the  influence  of  solar  light,  the  fabric  is  itself  constructed, 
and  the  chlorophyll,  or  green  matter  of  plants,  upon  which,  or 
in  connection  with  which,  the  light  exerts  its  wonderful  action,  is 
first  developed.  When  plants  are  made  to  grow  in  insufiicieDt 
light,  as  when  potatoes  throw  out  shoots  in  cellars,  this  green  mat- 
ter is  not  formed.  When  light  is  withdrawn,  it  is  soon  decom- 
posed ;  as  we  see  when  Celery  is  blanched  by  heaving  the  sail 
around  its  stems.  So,  also,  the  naturally  greenless  leaves  of  plants 
parasitic  upon  the  roots  or  stems  of  other  species  (135)  have  no 
direct  power  of  assimilation,  but  feed  upon  and  grow  at  the  ex- 
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peine  of  already  asnmilated  matter.  But  alt  groen  parts  of  plants, 
inch  as  the  cellular  outer  bark  of  moat  herbs,  act  upon  the  sap  in 
the  same  manDer  as  leaves,  evea  supplying  their  places  in  plants 
which  produce  few  or  no  leaves,  as  in  the  Cactus,  Stc.  Under  the 
bBueoce  of  light,  an  essential  preliminary  step  in  vegetable  diges- 
tion is  accomplished,  namely,  the  concentratioD  of  the  crude  sap 
by  the  evaporation  or  exhalation  of  the  now  superflous  water,  the 
mechanism  and  various  consequences  of  which  have  already  been 
ranaidered  (367,  313). 

845.  We  have  only  to  consider  the  further  agency  of  light  in 
the  process  of  vegetable  digestion  itself,  namely,  its  action  in  the 
ImT  upon  the  concentrated  sap.  Here  it  accomplishes  two  per- 
fectly unparalleled  results,  which  essentially  characterize  vegeta- 
don,  and  upon  which  all  organized  existence  absolutely  depends 
(1,16).  These  are, —  1st.  The  chemical  decotnpotition  of  one  or 
more  of  the  tuhttances  in  the  tap  which  contain  oxygen  gae,  and 
He  liheration  of  this  oxygen  at  the  ordinary  temperature  oftht 
air.  The  chemist  can  in  certain  cases  liberate  oxygen  gas  from 
b  compounds,  but  only  with  the  aid  of  powerful  reagents,  or  of  a 
beat  equal  to  that  of  red-hot  iron.  3d.  The  tranaformation  of  ihit 
mturalfood,  thia  inorganic  into  organic  matter,  —  the  organised 
nhttance  of  living  plants,  and  consequently  of  animal*.  These 
two  operations,  although  separately  stated  to  convey  a  clearer  idea 
of  dK  results,  are  in  fact  but  difierent  aspects  of  one  great  process. 
We  contemplate  the  first,  when  we  consider  what  the  plant  gives 
back  to  the  air ;  —  the  second,  when  we  inquire  what  it  retains  as 
ibe  materials  of  its  own  growth.  The  concentrated  sap  is  decom- 
posed ;  the  portion  which  is  not  required  in  the  growth  of  the  plant 
is  returned  to  the  air ;  and  the  remaining  elements  are  at  the  same 
linie  icarranged,  so  as  to  form  peculiar  organic  products. 

346.  The  principal  material  given  hack  to  the  air,  in  this  pro- 
cen,  IB  oxygen  gas,*  that  element  of  our  atmosphere  which  alone 

'  A  *iiiftU  pKf>onlon  of  nitrogen  gas  it  Ukewue  slmoat  consiantlr  exhaled 
Aon  the  leaves ;  bnt  llut  sppean  to  come  from  the  nitTOgen  which  the  water 
iaUbed  bj  the  rood  had  sbHutwd  ftom  tbe  air  (9S6},  and  which  putes  off 
■sUiand  from  the  leavti  when  lUa  water  la  evaporated,  or  fiom  tbe  air  which 
■ha  notlett  dincdy  absorb  to  lome  extent.  In  the  coorte  of  vegetation,  no 
■ixe  nitrogen  i«  given  out  than  what  is  thus  taken  in,  and  probably  not  lo 
nndi.  So  that  the  exbttlation  of  nitrogen  may  be  left  ont  of  the  geneml  view 
(f  the  ehangei  which  are  hronght  about  in  vegetation. 
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renders  it  fit  for  the  breathiog  and  life  of  animBk.  That  the  foli* 
«ge  of  plants  in  sunshine  is  continually  yielding  oxygen  gas  to  the 
surrounding  air  has  been  familiarly  known  since  the  days  of  Ingea- 
bouse  and  Priestley,  and  may  at  any  moment  be  verified  by  sitn* 
pie  experiment.  The  readiest  way  is,  to  expose  a  few  freshly 
gathered  leaves  to  the  sunshine  in  a  glass  vessel  filled  with  water, 
and  to  collect  the  air>bubbles  which  presently  arise  while  the  light 
falls  upon  them,  but  which  cease  to  appear  when  placed  in  shad- 
ow. This  air,  when  examined,  proves  to  be  free  oxygen  gas.  lo 
DRture,  difiused  daylight  produces  this  result ;  but  in  our  rude  ex- 
periments, direct  sunshine  is  generally  necessary.  What  is  the 
source  of  this  oxygen  gas,  which  is  given  up  to  the  air  just  in  pro- 
portion to  the  vigor  of  assimilatioa  in  the  leafy  plant,  or,  in  other 
words,  to  the  consumption  of  crude  sap  ? 

347.  To  take  for  illustration  the  case  which  exhibits  the  general 
result  (and  whether  this  is  actually  attained  at  one  operation,  or 
not,  does  not  aSect  the  view),  and  enables  us  directly  to  contrast 
the  material!  with  the  principal  product  of  vegetation,  we  will  sup- 
pose the  plant  is  assimilating  its  food  immediately  into  Celluioae,  oi 
the  substance  of  which  its  tissue  consists  (27).  This  matter,  when 
in  a  pure  slate,  and  free  from  incnisting  materials,  has  a  per- 
fectly uniform  composition  ia  all  plants.  It  is  composed  of  carbon, 
hydrogen,  and  oxygen,  of  which  the  latter  two  exist  in  the  same 
proportions  as  in  water.*  It  may  therefore  be  said  to  consist  of 
carbon  and  the  elements  of  water.  These  materials  are  necessa- 
rily furnished  by  the  plant's  food.  But  the  universal  food  of  the 
plant,  that  which  is  only  and  absolutely  essential  to  bare  vegeta- 
tion (324,  339),  is  carbonic  acid  and  water.  If  this  be  decora- 
posed  in  vegetation,  and  the  carbonic  acid  give  up  its  oxygen, 
there  remain  carbon  and  water,  or  rather  the  elements  of  water, 
—  the  very  composition  of  cellulose  or  vegetable  tissue.  Doubt- 
less, then,  the  oxygen  which  is  rendered  to  the  air  in  vegetation 
comes  from  the  carbonic  acid  which,  as  we  have  seeu  (328),  the 
plant  took  from  the  air. 

348.  This  view  may  be  confirmed  by  direct  experiment.  We 
have  seen  that  many  plants  mtut,  and  all  may,  imbibe  the  whole  Wt 
a  part  of  their  food  directly  from  the  air  into  their  leaves  (ISS, 

*  Cellnloie  U  rhenjicallj  composed  of  IS  cqaivalcnU  of  CuboD,  10  of  Hj- 
drogen,  and  10  of  Oxjgen,  vi».  C",  H'",  O", 
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8S0).  All  leafy  planla  doubtless  obtaia  a  part  of  their  carbonic 
acid  in  this  vay.  It  is  accordingly  found,  that  when  a  current  of 
carbonic  acid  is  made  slowly  to  traverse  a  glass  globe  containing 
a  leafy  plant  exposed  to  the  full  sunshine,  the  carbonic  acid  disap* 
pears,  and  an  equal  bulk  of  oxygen  gas  supplies  its  place.  Now, 
rince  carbonic  acid  gas  contains  just  its  own  bulk  of  oxygen,  it  is 
erident  that  what  has  thus  been  decomposed  in  the  leaves  has  re- 
rnmed  all  its  oxygen  to  the  air.  Plants  take  carbonic  acid  from 
the  atmosphere,  therefore  (directly  or  indirectly) ;  diey  retain  its 
carbon ;  they  give  back  its  oxygen.' 

349.  But  cellulose,  being  the  final,  insoluble  product  of  vegeta- 
tion appropriated  as  tissue,  cannot  itself  be  formed  in  the  first  in- 
Kance.  The  materials  from  which  it  is  deposited,  and  which  we 
actually  find  in  the  elaborated  sap,  are  Dextrint  or  Vegetable  Afu- 
eUage  (81, 83),  sugar  (84),  &c.  The  first  of  these  is  probably 
directly  produced  in  assimiUition.  Its  chemical  composition  is  the 
same  as  that  of  pure  cellulose ; '  it  consists,  not  only  of  the  same 
ihree  elements,  but  of  the  same  elements  in  exactly  the  same  pro- 
portion. Dextrine,  vegetable  mucilage,  &i.c.,  ere  the  primary,  as  yet 
unappropriated  materials  of  vegetable  tissue,  or  unsolidified  cellu- 
lose, and  their  production  from  the  crude  sap  is  attended  with  the 
evalution  of  the  oxygen  which  was  contained  in  the  carbonic  acid 
of  the  plant's  food,  as  already  atated.t    Nor  is  the  result  in  any 

*  At  lemit,  tb«  retnh  it  a$  if  Ae  m^jgea  czbaled  wen  sU  Ihiu  dctadwd 
frMB  dw  carbon  of  the  cMtwnic  sdd.  Jo*t  thii  •monnt  is  libentcd,  uid  the 
bet*  obTkxulj  point  to  the  cutnnia  add  ai  iti  real  loiiiee.  Bnt  on  tbe  otber 
Uad,  it  ^p«an  nnlikdj  that  a  tnbstsnca  which  hold*  ox7g«a  with  radi 
nnmg  uSitutf  u  nrboa  ahould  jield  the  whole  of  It  onder  ihete  drcumatsn- 
en :  uid  water  U  certainly  decomposed,  with  the  evotntioa  of  ox^TK^n,  Id  the 
IbrmatioD  of  a  clasa  of  vegetable  prodacta  aoon  to  be  mentioned ;  beiidee,  Ed- 
'nrd*  Mkl  Colin  havB  ibown  thst  water  to  dir«etlj  deconpowd  doting  germl- 
naiioB.  Still,  m  do  one  rappoces  that  the  reaidne  after  ih»  libenlioD  of  axj- 
|«n  u  orbon  and  water,  bnt  ooly  the  three  element*  in  the  proportion  which 
wonld  GonilitaUi  them,  it  amoanli  to  nearly  the  same  thing  whelber  we  sa/ 
that  At  oxygOi  of  At  carbmk  arid,  or  on  aneiait  o/  tay^tn  tqaxoaUia  to  Aat 
^  Ak  aahonie  oad,  dtrmtd  partig  from  it  and  partlg  fiom  At  waltr,  is  liber- 
ated in  nicb  cates.  That  Schleiden  ibonld  auert  lliat  the  oxygen  liberated 
Kmet  from  the  deconpotltioo  of  water  alone,  ibowi  grou  CBreleuneM,  or  an 
ipwann  of  arithmetic  aa  well  a*  chemistry,  wbkh  to  the  lea*  exnuable  Id  one 
who,  in  a  edentiSe  treaitoe,  babitaally  appliea  opprobriotu  epithet*  to  a  gnu 
(•rt  of  hto  fcUow-laborera. 
t  Tbe  remh  to  jn*t  the  lame,  if,  with  Hmfrey,  w«  inppaee  that  the  mat- 
17* 


Dy  Google 


196  TBB   FOOD  ARD  MOTBinoM  OP  PLUtTS. 

respect  altered  wbea  Starek  is  produced.  In  that  case,  the  direct 
product  of  aaaimilation  in  the  form  of  dextrine,  ioatead  of  being 
immediately  appropriated  in  growth,  is  solidified  in  the  etarcb- 
graine,  and  in  that  compact  and  temporarily  iaaoluble  form  accu- 
mulated as  the  ready  prepared  materials  of  future  growth  (SI). 
80,  also,  when  Btuiine  is  formed  iostead  of  starch,  as  in  the  roots 
of  Elecampane  (Inula  Helenium)  and  the  Dahlia,  and  the  tuben 
of  ihe  Jerusalem  Artichoke  :  here  the  dextrine  is  solidified  iato  a 
substance  intermediate  in  its  properties  between  dextrine  and  cel- 
lulose, which  is  closely  analogous  to  starch,  and  subservient  to  the 
same  purpose.  Notwithstanding  the  difiereuce  in  their  properties 
and  chemical  reactions,  these  various  products  are  strictly  wmerit, 
,  that  is,  they  consist  of  the  same  elements,  combined  in  the  same 
proportions ;  and  physiologically  they  are  merely  difierent  states 
of  one  and  the  same  thing.  Dextrine  is  the  most  soluble  slate 
(dissolving  freely  in  cold  water),  and  that  origibally  formed  in  as- 
similation in  the  foliage :  starch  and  inuline  are  two  temporarily 
solidified  states,  and  cellulose  is  the  ultimate  and  usually  perma- 
nent insoluble  condition.  Accordingly,  whenever  the  materials  of 
growth  are  supplied  from  such  accumulations  of  Dourishment,  as 
especially  from  the  seed  in  germination,  from  fleshy  roots  ( 136), 
rootstocks  (11'4),  tubers  (175),  &c.,  the  starch  or  inuline  is  dis- 
solved in  the  sap,  being  spontaneously  reconverted  into  dextrine, 
dec-,  and  attracted  in  this  liquid  slate  into  the  growing  parts,  where 
it  is  transformed  into  cellulose,  and  becomes  a  portion  of  the  |>er* 
manent  vegetable  fabric. 

350.  Assimilated  matter  also  occurs  in  Ute  sap  under  the  still 
more  soluble  form  of  Sugar  (S4).  If  we  suppose  this  to  be  a  di- 
rect product  of  the  assimilation  of  carbonic  acid  and  water,  the 
amount  of  oxygen  gas  exhaled  will  be  just  the  same  as  before. 
For  tugar  has  the  same  elementary  composiiioa  as  dextrine,  starch) 
and  cellulose,  with  the  addition  of  one  equivalent  of  water  in  the  case 
of  cane-sugar,  and  of  three  more  in  that  of  grape-sugar."  If,  as  is 
more  probable,  sugar  is  a  subsequent  transformation  of  dextrine, 
then  the  latter  has  only  to  appropriato  some  water.     In  the  forma- 


ten  acted  npon  in  aaumUstion  are  at  Ant  as  mncb  dsoxidlied  ••  in  cliloro. 
pti^U,  lines  tlieaa  geaarsl  prodacM  of  vegetstion  hars  inmwUatel;  to  absotb 
oxygen  cnoagh  to  bring  them  to  the  fonn  of  dextrins,  itasdi,  cellnlaw,  Ac. 
'  The  bnnala  (br  cane-ngsr  Is  C",  H",  0" ;  fcr  gnpe-sngar,  C",  H'*  0". 
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Aja  of  all  tbeee  prodocls,  therefore,  the  same  quantity  of  carbonic 
acid  ia  coDBumed,  and  all  its  oxygen  restoisd  to  the  air.'  It  is 
mcHe  and  more  evident,  therefore,  that,  by  just  so  much  as  plants 
glow,  they  take  carbonic  acid  from  the  air,  they  retain  its  carbon, 
and  return  its  oxygen. 

351.  In  the  production  of  that  modification  of  cellulose  called 
Ligmne  (41),  which  forms  a  secondary  deposit  thickening  the  walls 
of  the  cells,  and  which  abounds  b  wood,  if  this  be  really  a  simple 
product,  and  not  a  mixture,  not  only  must  a  larger  amount  of  car- 
boaic  acid  be  decomposed,  but  a  small  portion  of  water  also,  with 
the  liberation  of  its  oxygen.  For  the  composition  attributed  to  it 
■hows  that  it  contains  less  oxygen  than  would  suffice  to  convert  its 
hydrogen  into  water.t  This  excess  of  hydrogen,  and  the  still 
)ug^T  excess  of  carbon,  rendera  those  woods  that  abound  with  in- 
cnifiting  deposit,  other  things  being  equal,  more  valuable  as  fuel 
than  those  of  which  the  issue  in  great  part  consists  of  proper  cellu- 
kite,  as  has  already  been  stated. 

352.'  The  whole  class  of  fatty  substances,  including  the  OUt, 
Waa,  CAJbropAyll  (85-87),  and  most  of  the  products  of  their  aher- 

*  Since  all  ibeM  tuutml  ternary  ndManca  sre  identical,  or  nearly  m,  bi  de- 
■eitaiT  composition,  and  lince,  villi  the  isme  amount  of  caibon,den<r*d  from 
Ihedecomposition  of  carbonic  >cid,  the  plant  can  font)  them  all,  notwiibstand- 
Of  Hit  ^reot  difference  Id  their  exlemal  choiaclera,  it  will  no  longer  appear  to 
■Brpiiiing  that  the;  iboald  be  «o  readily  convertible  inio  each  otLer  in  the  liv- 
ing plant,  and  «ren  in  the  handi  of  the  chemist.  But  Ibe  chemislr;  of  orgaoie 
■aiora  exceedi  (he  reaoorcca  of  acicnce,  and  conatantlj  produces  tnnifonna- 
linis  which  the  chemist  in  his  Isboialory  ia  nnoble  to  effect.  The  latter  can 
diiDge  itarch  into  dextrine,  and  dextrine  into  sngar ;  bat  be  caaool  reverse  thb 
process,  and  convert  sugar  into  dextrine,  or  dextrine  into  starch.  In  the  plant, 
Iwwerer,  ail  these  varioas  tnoaronnations  are  conlinnall;  taking  place.  Thna, 
the  itarcb  deposited  in  the  seed  of  tiia  Sngar-caoe,  a*  in  alt  otlier  Grasses,  it 
ctaaged  into  sngar  in  genuiaation;  aod  the  sngar  which  BUs  the  tissue  of  the 
aim  at  the  time  of  flowering  it  r^>id I  j  carried  into  the  flowers,  where  a  portion 
is  transformed  into  starch  and  again  deposited  in  the  ncwlji-formed  seeds. 
And  allhoogh  the  chemist  is  unable  to  transform  starch,  togar,  kc  into  cellu- 
lese,  jet  he  readilj  effects  the  opposite  change,  bj  reconrcrting  wood/  fibre, 
Ac.  (under  the  influence  of  sulphuric  acid)  into  dextrine  and  sugar.  The 
plaBt  does  Ihe  same  thing  in  the  ripening  of  fruits,  duriog  which  a  portion  of 
teue  is  often  transformed  into  ngar.  Starch-grains  and  cellulose  never  can 
te  lenned  aniSdslly,  beonse  tfaey  are  not  merely  organizable  matter,  but  have 

■o  organic  structure,  or  are  the  result  of  growth. 
t  According  to  Pajen,  lignine,  separated  as  mnch  as  passible  ftom  cellulose, 

(Msitto  of  Cartton  53.8,  BjrdrogeB  G.0,  and  Oz/gen  4IUi  per  cent.,  =  C*.  H*S 
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adon,  coDtaio,  a  few  of  tbem  no  racygen  at  all  (sncb  bb  caoutchooc 
and  soine  oik),  and  all  of  tbem  lew  oijgen  dian  ia  requisite  to  coa- 
vert  their  hydrogen  into  water.  In  their  direct  formatioD,  theie- 
furBi  not  only  all  the  oxygen  of  the  carbmiic  acid  haa  been  ginn 
out,  but  alw  a  portioa  beloaging  to  the  water.  If  fonned  by  a 
further  deoxidation  of  neutral  ternary  products,  as  chlorophyll  from 
starch  (87)  and  wax  from  sugar  (86),  the  same  result  is  attained 
as  respects  the  liberation  of  oxygen  gas,  but  by  two  or  more  steps 
instead  of  one.  The  Rtsiiu,  doubtless,  are  not  direct  vegetable 
products,  but  originate  from  the  alternation  and  partial  oxidation  of 
the  essential  oils.  BaltantM,  which  exude  from  the  barii  of  certain 
plants,  are  natural  solutions  of  re«ns  in  their  essential  oils,  as  nnin, 
or  pine>resib,  in  the  oil  of  turpentine. 

3S3.  An  oppoaite  class,  the  Vegetabh  Acids  (90),  contain  more 
oxygen  than  is  necessary  for  the  conveision  of  their  hydn^n  into 
water,  but  less  than  the-amount  which  exists  in  carbonic  acid  and 
water.  Indeed,  the  most  general  vegetable  acid,  the  oxaUe  (which 
is  fonned  artificially  by  the  action  of  nitric  acid  on  starch),  has  no 
hydrogen,  except  in  the  atom  of  water  that  ia  connected  with  it. 
These  acids  are  sometimes  formed  in  the  leaves,  as  in  the  Sorrel, 
the  Grape-vine,  &c.,  but  usually  in  the  fruit.  If  produced  directly 
from  the  sap,  as  is  probably  the  case  in  acid  leaves,  only  a  part  of 
the  oxygen  in  the  carbonic  acid  which  contributes  to  their  forma- 
tion would  be  exhaled.  But  if  they  are  formed  fram  sugar,  or  any 
other  of  the  general  products  of  the  proper  juice,  the  absorption  of 
a  portion  of  oxygen  from  the  air  would  be  required  for  the  conver- 
sion ;  and  this  absorption  takes  place  (at  least  in  some  cases)  when 
fruits  acquire  their  acidity.  Even  their  formation  by  the  plant, 
therefore,  is  attended  by  the  liberation  of  oxygen  gas,  though  less 
in  quantity  than  in  ordinary  vegetation. 

364.  There  is  still  another  class  of  vegetable  products  of  uni- 
versal occurrence,  and,  although  comparatively  smalt  in  quantity, 
of  as  high  importance  as  those  which  constitute  the  permanent 
labria  of  the  plant ;  namely,  the  tKutral  quaternary  organic  com- 
pounds,  of  which  nitrogen  ia  a  constituent  (79).  These  are  mutu- 
ally convertible  bodies,  related  to  each  other,  as  dextrine  and  su^ 
to  starch  and  cellulose,  and  playing  the  same  part  in  the  animal 
economy  that  the  neutral  ternary  products  do  in  the  vegetable. 
To  the  basis  or  type  of  these  azotized  products  Mulder  has  given 
the  name  of  Froteine  (27) :  hence  they  are  sometimes  collectively 
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caUed  proteiae  compounds.  Id  their  production  fVom  the  cnids 
tap,  the  ammonia,  or  other  azotized  maUer  it  contains,  plays  an 
eBsenlial  part ;  and  oxygen  gaa  is  restored  to  the  air  from  the  de- 
composition of  all  the  carhouic  acid  c<»cemed  and  a  part  of  the 
water.* 

355.  Id  liviag  ceils  the  proteine  exists  as  azotized  mlicilage,  and 
fonns  the  protophum  or  vitally  active  lining  which  may  be  said  to 
give  orig:LD  to  the  vegetable  structure,  since  the  cellulose  is  depos- 
ited under  its  influence  to  form  the  pennanent  walls  or  fabric  of 
the  cells,  as  has  already  been  explained  (27-33).  When  the 
cells  have  completed  their  growth  and  Uansforaiation,  the  proto- 
plasm abandons  them,  being  constantly  attracted  onwards  into 
forming  and  growing  parts,  where  it  incites  new  development.  For 
this  azotized  matter  has  the  remarkable  peculiarity  of  inducing 
i^iBmical  changes  in  other  organic  products,  especially  the  neutral 
temsry  bodies,  causing  one  kind  to  be  transformed  into  another,  or 
CTen  the  decompoeitiim  of  a  part  into  alcohol,  acetic  acid,  and 
fioftlly  into  carbonic  acid  and  water  (as  in  germination,  dbc), — 
iiKir  remaining  the  while  esaentially  unaltered. 

356.  The  constant  attiaotion  of  the  protoplasm  from  the  com* 
pleted  into  the  forming  parts  of  the  plants  explains  how  it  is,  that 
to  small  a  percentage  of  azotized  matter  should  be  capable  of 
pisying  such  an  all-important  part  in  the  vegetable  economy.  It 
does  its  work  with  little  loss  of  material,  and  no  portion  of  it  is 
filed  in  the  tissues.  At  least,  the  litUe  that  remains  in  old  parts  is 
capable  of  being  washed  out,  showing  that  it  forms  no  integral  part 
tS  ihe  fabric.  It  explains  why  the  heart-wood  of  trees,  especially 
the  moat  solidified  kinds,  yields  barely  a  trace  of  nitrogen,  while 
Ibe  sap-wood  yields  an  appreciable  amount,  and  the  cambium-layer 

*  TTie  cbeniiol  chuig«i  bare  beeo  tabalated  thiu :  — 

The  materisli :  Etam  which  m  ronn«d  the  pradoet : 

C.    H.  S.    0.  C.  H.    ».    O. 

'lofWuer,                   74  74  1  of  Proteins,       4B  86    6      14 

U «( Cubonic  acid,  M  188  4ofCellnloM,       48  40           40' 

loT  CuboDftU  at  2I2of  Oijgen  lib- 

S       S  6       4  erated,                                       SIS 


96    76   s  a«  96    76   e   sue 

IlHtmi  now  to  be  conceded,  tbat  proteiDe,  u  well  aa  all  ill  tnasTormatisna 
STituei,  conlaini  sbo,  u  eaieniial  corwtitncDU,  a  miDnla  qaantitj  of  inliihnr 
■nd  pbotphonu,  ene  or  bolfa  ()0). 
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and  all  parts  of  recent  formation,  such  as  the  buds,  young  shoots, 
and  rootlets,  always  cootain  several  hundredths  of  it  This  girea 
the  reason,  also,  why  sap-wood  is  so  liable  to  decay  (induced  by 
the  proteine),  and  the  more  likely  in  proportion  to  its  newness  and 
the  quantity  of  sap  it  contains,  while  the  perfectly  ligoified  heart- 
wood  is  so  durable.  Following  this  course,  we  find  that  the  azo- 
tized  matter  rapidly  diminishes  in  the  stem  and  herbage  during 
flowering,  while  it  accumulates  in  the  forming  fruit,  and  is  finadly 
condensed  in  the  seeds  (which  have  a  larger  percentage  than  any 
other  oi^n),  ready  to  subserve  the  same  office  in  the  developmenl 
of  the  embryo  plant  it  contains.* 

357.  When  wheat-flour,  kneaded  into  dough,  is  subjected  to  the 
prolonged  action  of  water,  the  starch  is  washed  away,  and  a  tena- 
cious, okistic  residue,  the  Gluten  of  the  flour,  which  gives  it  the 
capability  of  being  raised,  contains  neariy  all  the  proteine  com- 
pounds of  llie  seed,  mixed  with  some  fatty  matters  (which  may  be 
removed  by  alcohol  and  ether)  and  with  a  little  cellulose.  The 
azotized  products  constitute  from  eight  to  thir^  per  cent,  of  the 
weight  of  wheat-flour ;  the  proportion  varying  greatly  under  difier- 
ent  circumstances,  but  always  largest  when  the  soil  is  best  supplied 
with  manures  that  abound  in  nitn^n.  The  gluten  is  not  itself  a 
simple  quatenary  principle ;  but  is  a  mixture  of  four  nearly  isom- 
eric bodies  of  this  sort,  distinguished  by  chemists  under  the  names 
Ferine  (identical  in  nature  with  that  which  forms  the  muscles  of 
animals),  Albumen  (of  the  same  nature  as  animal  albumen),  Ca- 
geine  (identical  with  the  curd  of  milk),  and  Glutine.  In  beans  and 
all  kinds  of  pulse,  or  seeds  of  Leguminous  plants,  the  large  pro- 
portion of  azotized  matter  principally  occurs  in  the  form  of  LegTi- 
mine,  a  form  nearly  intermediate  in  character  between  albumen 
and  caseine. 

35S.  Having  now  noticed  all  the  principal  products  of  assimila- 
tion in  plants,  at  least  those  concerned  in  nutrition,  as  compared 
with,  the  inorganic  materials  from  which  they  must  needs  be 
formed,  we  may  the  more  clearly  perceive,  that  the  principal  re- 
sult of  vegetation,  as  concerns  the  atmosphere,  from  which  plants 
draw  their  food,  conusts  in  the  withdrawal  of  water,  of  a  little  am- 


cotjl«dotu  of  peu  sad  bean*,  according  to  Hr.  Bigg,  contaiii  tron 
I  putB,  uid  tho  plnmals  sboot  SOO  parti,  of  nitrogen,  to  1,000  psjti  of 
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tnooia,  and  of  a  large  proportioD  of  carbonic  acid,  with  the  restore- 
tkxi  of  oz^gen.  Tbe  latter  ia  a  coiutant  effect  of  v^etation  and  the 
measure  of  its  amount  As  respects  the  tiMue  of  the  plant,  which 
makes  up  almost  the  whole  bulk  of  a  tree  or  other  vegetable  fobric, 
the  sole  conaequeoces  of  its  foruiation  upon  tbe  air  are  the  with- 
drawal of  a  small  quantity  of  water,  aud  of  a  large  amount  of  car- 
bcuic  acid  gas,  and  the  restoration  of  the  oxygen  of  the  latter.  la 
the  fonnatioti  of  the  azotized  products,  a  portion  of  ammonia  or  of 
tome  equivalent  compound  of  nitrogen  is  also  withdrawn.  It  is 
true,  indeed,  that  leaves  decompose  carbonic  acid  only  in  daylight ; 
ud  that  they  sometimes  impart  a  quantity  of  carbonic  acid  to  tbe 
lir  in  tbe  night,  especially  when  vegetation  languishes,  or  even  take 
fiom  it  a  little  oxygen.  But  this  does  not  afiect  the  general  result, 
nor  require  any  qualification  of  tbe  general  statement  The  work 
umply  ceases  when  light  is  withdrawn.  The  plant  is  then  merely 
ia  a  passive  state.  Yet,  whenever  eshalation  from  the  leaves  slowly 
continues  in  darkness,  the  carbonic  acid  which  the  water  holds  ne- 
cessarily flies  off  with  it,  during  the  interruption  to  vegetation,  into 
the  atmosphere  from  which  the  plant  took  it  So  much  of  the  crude 
np,  or  raw  material,  merely  runs  to  waste.  Furthermore,  it  must 
be  remembered,  that  the  decomposition  of  caibonic  acid  in  vegeta- 
tioD  la  m  direct  opposition  to  ordinary  chemical  affinity ;  or,  in  other 
voids,  that  all  organized  matter  is  in  a  state  corresponding  to  that 
of  unstable  equilibrium.  Consequently,  when  light  is  withdrawn, 
ordbary  chemical  forces  may  perhaps  to  some  extent  resume  their 
avay,  the  oxygen  of  the  air  combine  with  some  of  the  newly  de- 
pouted  carbon  to  reproduce  a  little  carbonic  acid,  and  thus  demol- 
i)h  a  portioD  of  the  rising  vegetable  structure  which  the  setting  sun 
left,  as  it  were  in  an  unfinished  or  unstable  state.  This  is  what 
actually  takes  place  in  a  dead  plant  at  all  times,  and  whenever  an 
Wb  is  kept  in  prolonged  darkness ;  chemical  forces,  exerting  their 
power  uiKontrolIed,  demolish  the  whole  vegetable  fabric,  beginning 
with  the  chlorophyll  (as  we  observe  in  blanching  Celery),  an^  at 
length  resolve  it  into  the  carbonic  acid  and  water  from  which  it 
wu  formed.  But  this  must  all  be  placed  to  the  account  of  decom- 
ponngy  not  of  growing  vegetation  ;  and  even  if  it  were  a  univeisal 
phenomenon,  which  is  by  no  means  the  case,*  would  not  affect  the 

In  repeating  the  old  experimoDW  upon  this  aabject  with  due  pracantions, 
*'M  wiib  improred  me&ng  of  remrdi,  it  ia  found  thit  manj  ordinuy  pUau. 
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general  statement,  that,  (jr  to  muck  at  plants  grow,  they  decom- 
poee  carbonic  acid  and  give  its  oxygen  to  the  air ;  or,  in  other 
words,  purify  the  air. 

8ii9.  Every  six  pountia  of  carbon  in  existing  plants  bas  with- 
drawn twenty-two  pounds  of  carbonic  acid  gas  from  the  atnxis- 
phere,  and  replaced  it  with  sixteen  pounds  of  oxygen  gas,  occupy- 
ing the  same  bulk.  To  form  some  general  conception  of  the 
extent  of  the  influence  of  vegetation'  upon  the  air  we  breathe, 
therefore,  we  should  compute  the  quantity  of  carbon,  or  charcoal, 
diat  is  contained  in  the  forests  and  hertmge  of  the  world,  and  add 
to  the  estimate  all  that  exists  in  the  soil  as  vegetable  mould,  peat, 
and  in  other  fonns;  all  that  is  locked  up  in  the  vast  deposits  of 
eoal  (the  product  of  the  vegetation  of  bygone  nges) ;  and,  finally, 
all  that  pertains  to  the  whole  existent  animal  kingdom ; -~  and  we 
^all  have  the  aggregate  amount  of  a  single,  though  the  lai^est, 
dement  which  vegetation  has  withdrawn  from  the  atmosphere.    By 


when  in  fnll  h^allli  and  Tigorou  v^etatiaii,  import  m  ciu'6i>n>e  aeul  (a  lie  ^ 
during  Uit  night.  -~  See  Pepye,  Id  'Phihmphioai  TVwuacfioiu,  for  1843.  — 
Thej  deteriorate  the  sir  onl;  in  Cbeir  decsj,  and  in  pecnlUr  processes,  dii- 
tiDct  from  TegeUiliaa  and  directly  the  reverse  of  assimilation ;  as  in  g«nnlDa- 
tion,  Ibr  instance,  wbera,  ai  will  hereafter  be  explained,  the  jH^leine  indocM 
the  decomposition  of  a  perrion  of  the  store  of  assimilated  matter,  in  order  that 
the  rest  may  be  bronght  into  a  serviceable  condition.  For  at  tbe  beeianing,  it 
mnst  be  recollected,  the  plant  or  the  shoot  grows,  not  by  assimilation,  but  by 
consniDing  and  appropriating  a  store  of  nourisbment  nticli  was  assimilated  by 
ihe  parent  The  evolution  of  carbonic  acid  by  plaDts,  therefore,  which  ha*  so 
loi^  been  tdcen  for  granted,  and  miainierpreted,  bae  do  existence  as  a  geoetal 
phuiODienon.  And  it  is  by  a  bias  analogy  that  this  lott  which  plants  toat^i 
,  in  the  night  has  been  dignifled  with  the  name  of  vtg^aUt  reipt'raiion,  aad  veg- 
etabUs  said  to  vitiate  the  atmosphere,  just  like  animals,  by  their  respiratios 
while  iheypnrify  it  by  tbcir  digestion,  ir.indeed,  this  were  a  conslaDI  ftinction, 
ia  any  way  contributing  to  maintain  the  life  and  health  of  the  plant,  it  might 
be  properly  enoegh  compared  with  the  respiration  of  animals,  which  ii  itaelf  a 
decomposing  operation.  Bat  this  is  not  the  case.  And  herein  ia  a  cfaaracter- 
iatic  difference  between  vegetables  and  animals :  the  tisanes  of  the  latter  cos- 
tinne  to  live  and  act  through  the  lifetime  of  the  animal,  and  therefore  require 
constant  interstitial  renewal  by  nntritioo,  new  particles  replacing  tbe  old,  which 
are  t«moved  and  restored  to  the  mineral  worid  by  raptrntian .-  while  in  plants 
dtere  ts  no  such  renewal,  Irat  the  fabric,  once  completed,  remains  Dudumgad, 
ceases  to  be  nourished,  and  consequently  soon  loses  its  vitality;  while  new 
parts  are  continually  formed  forther  on  to  take  their  places,  to  be  in  nun 
abandoned.  Plants,  therefore,  having  no  decomposition  and  recompotitlDn  of 
any  completed  ftbric,  cannot  have  tbe  fanction  of  resptratlon. 
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BHitipIyiDg  tbta  vast  amount  of  carbon  by  lizteen,  and  dividing  it 
hjtix,we  obtain  an  expreaaion  of  the  number  of  pounds  of  oxy- 
gen gu  that  bare  in  this  process  been  supplied  to  the  atmosphere. 
360.  Bightly  to  underatand  the  object  and  consequences  of  this 
inmenK  operation,  which  has  been  going  on  ever  since  vegetation 
began,  it  should  be  noted,  that,  so  far  aa  we  know,  vegetation  is 
tin  only  operation  in  nature  which  givea  to  the  air  free  oxygen  gas, 
that  indispensable  requisite  to  animal  life.  There  is  no  other  pro- 
fision  for  maintaining  the  supply.  The  prevailing  chemical  ten- 
deocies,  on  the  contrary,  take  oxygen  from  the  air.  Pew  of  the 
malerials  of  the  earth's  crust  are  saturated  with  it ;  some  of  them 
iaH  absorb  a  portion  from  the  air  in  the  changes  they  undei^ ; 
and  none  of  them  give  it  back  in  the  free  state  in  which  they  took 
il, — in  a  state  to  support  animal  life,  —  by  any  known  natural 
process,  at  least  upon  any  considerable  scale.  Animals  all  con* 
nme  oxygen  at  every  moment  of  (heir  life,  giving  to  the  air  car- 
'  bonic  acid  in  its  room  ;  and  when  dead,  their  decaying  bodies  con- 
mme  a  farther  portion.  Decomposiag  vegetable  matter  produces 
dw  same  result.  Its  carbon,  taking  oxygen  (Vom  the  air,  is  likewise 
ratored  in  the  form  of  carbonic  acid.  Combustion,  as  in  burning 
our  fuel,  amounts  to  precisely  the  same  thing;  it  is  merely  rapid 
decay.  The  carbtHi  which  [he  trees  of  the  forest  have  been  fw 
centuries  gathering  from  the  air,  their  prostrate  decaying  trunks 
may  almost  as  slowly  restore  to  the  air,  in  the  on^nal  form 
of  carbonic  acid.  But  if  set  on  lire,  the  same  result  may  be  accom- 
^ished  in  a  day.  All  these  causes  conspire  to  rob  the  air  of  its 
life-sustaining  oxygen.  The  original  supply  is  indeed  so  vast,  that, 
were  there  no  natural  compensation,  centuries  upon  centuries 
would  elapse  before  the  amount  of  oxygen  could  be  so  much  re- 
duced, or  that  of  carbonic  acid  increased,  as  to  affect  the  existence 
of  the  present  races  of  animals.  But  such  a  period  would  eventu- 
ally arrive,  were  there  no  natural  provision  for  the  decomposition 
oS  the  carbonic  acid  constantly  poured  into  the  air  from  these  va- 
rious sources,  and  for  the  restoration  of  its  oxygen.  We  have 
seen  tbat  vegetation  accomplishes  this  very  result.  The  needful 
compensation  is  therefore  found  in  the  vegetable  kingdwn.  While 
■niinals  consume  the  oxygen  of  the  air,  and  give  back  carbonic 
add  which  is  injurious  to  their  life,  this  carbonic  acid  is  the  prin- 
dpal  element  of  the  food  of  vegetables,  is  consumed  and  decom- 
posed by  them,  and  Its  oxygen  restored  for  the  use  of  animals. 
18 
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Hence  the  perfect  adaptdtion  of  the  two  great  kingdcMBs  of  livkig 
beings  to  each  other ; — each  removing  from  the  atmosphere  what 
would  be  noxious  to  the  other ;  — each  yielding  to  the  atmosphere 
what  is  essential  to  the  continued  eztaletice  of  the  other.* 

361.  The  relations  of  simple  vegetation,  under  this  aspect,  to 
the  mineral  kingdom  on  the  one  hand  and  the  animal  kingdom  oa 
the  other,  are  simply  set  forth  in  the  first  part  of  the  diagram 
placed  at  the  close  of  this  chapter. 

362.  But,  be«des  this  remotely  essential  office  in  purifying  the 
air,  the  vegetable  kingdom  renders  to  the  animal  another  serrice 
so  immediate,  that  its  failure  for  a  single  year  would  nearly  depop^ 
ulaie  the  earth  v  namely,  in  providing  the  necessary  food  for  the 
whole  animal  kingdom.  Il  is  under  this  view  that  the  grand  office 
of  vegetation  in  the  general  economy  of  the  world  is  to  be  oontem- 
plated.  Plants  are  the  sole  producers  of  nourishment.  They  alone 
transform  mineral,  chiefly  atmoephenc  materials,  they  condense  air, 
into  oi^anized  matter.  While  they  thus  produce  upon  a  vast  scale,  ■ 
they  eontviae  or  destroy  comparatively  litde;  and  this  never  in 
proper  vegetation,  but  in  some  special  processes  hereafter  to  be  con- 
sidered (370) .  Often  when  they  appear  to  consume  their  own  prod- 
ucts, they  only  transform  and  transfer  them  (128,  174),  as  when 
the  starch  of  the  Potato  is  converted  into  new  shoots  and  foliage. 

363.  Animals  coiutuae  what  vegetables  produce.  They  tbem- 
selves  produce  nothing  directly  from  the  mineral  world.  The 
herbivorous  animals  take  from  vegetables  the  organized  matter 
which  they  have  produced  ;  —  a  part  of  it  they  consume,  and  in 
respiration  restore  the  materials  to  the  atmosphere  from  which 
plants  derived  them,  in  the  very  form  in  which  they  were  takeo^ 
namely,  as  carbonic  acid  and  water.  The  portion  they  accumulate 
in  their  tissues  constitutes  the  food  of  carnivorous  animals ;  who 
consume  and  return  tothe  air  the  greater  part  during  life,  and  the 

*  It  i«  plain,  however,  that,  while  the  ■niinil  kingdom  if  cntirelj  depend- 
ent oa  the  regewbte,  m  do  fiincllon  of  animtJi  reilorei  to  the  atmosphere  the 
oxTgen  they  conaame,  jet  the  latter  ia,  in  a  good  degree  m  leut,  independent 
of  the  former,  and  might  have  existed  alone.  The  decaying  racei  of  plun, 
giTiag  baok  their  carhon  to  tlie  air  and  to  the  Mil  (339)  woold  ftunkfa  food  ftr 
(htdr  neeeuon.  And  flnee  all  tlie  carbonic  acid  which  anlsuls  render  to  the 
air  in  reapiratioD  tbej  have  derived  from  their  v^taUe  food,  it  would  ia 
lime  hare  found  its  way  bock  to  the  air,  for  the  nee  of  dbw  geneiatioiii  of 
plant!,  wilhont  the  intervention  of  animals.    At  most,  they  merely  expedite 
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nnMJDder  in  decay  after  death.  The  atmosphere,  tbeiefeie,  out 
of  which  plants  create  nourishment,  and  to  which  animals  as  they 
consume  return  it,  forms  the  necessary  link  between  the  animal 
and  vegetable  kingdoms,  and  completes  the  great  cycle  of  oi^anic 
exisleoce.  Organized  matter  passes  through  various  stages  in  reg- 
etaUes,  through  others  in  the  herbivorous  animals,  and  undergoes 
its  final  transformations  in  the  carnivorous  animals.  Portions  are 
consumed  at  every  stage,  and  restored  to  the  mineral  kingdom,  to 
which  the  whole,  having  accomplished  its  revolution,  finally  returns. 
364.  Plants  not  only  furnish  all  the  materials  of  the  animal  fab- 
ric, but  furnish  each  principal  constituent  ready  formed,  so  that  the 
animal  has  only  to  appropriate  it  The  food  of  animals  is  of  two 
kinds;  —  1.  that  which  serves  to  support  respiration  and  maiDtain 
the  animal  heat ;  2.  that  which  is  capable  of  forming  a  portion  of 
the  animal  fabric,  of  its  fiesh  and  bones.  The  ternary  vegetable 
products  furnish  the  first,  in  the  form  of  sugar,  vegetable  jelly, 
starch,  oil,  &c.,  and  even  cellulose;  substances  which,  containing 
no  nitrogen,  cannot  form  a  part  of  the  animal  frame,  but,  conveyed 
into  the  blood,  are  decomposed  in  respiration,  the  carbon  and  the 
excess  of  hydn^n  combining  with  the  oxygeii  of  the  air,  to  which 
tbey  are  restored  in  the  form  of  carbonic  acid  and  water.  Any 
portion  not  required  by  the  immediate  demands  of  respiration  is 
stored  in  the  tissues  in  the  form  of  fat,  (which  the  animal  may 
either  accumulate  directly  from  the  oily  and  waxy  matters  in  its 
vegetable  food,  or  produce  by  an  alteration  of  the  staroh  and  su- 
gar,) as  a  provision  for  future  use ;  any  deficiency  subjects  the  tis- 
toes  themselves,  or  the  proper  supporting  food,  to  immediate  de- 
composition in  respiration.  The  quaieniary  or  azotized  products 
furnish  the  proper  materials  of  the  animal  frame,  the  fibrine,  ca- 
seine,  albumen,  dzc.  being  directly  appropriated  from  the  vegeta- 
ble food  to  the  blood,  muscles,  &.c. ;  while  a  alight  transformation 
of  them  gives  origin  to  gelatine,  of  which  the  sinews,  cartilages, 
and  the  organic  part  of  the  bones,  consist  The  earthy  portion  of 
the  bones,  the  iron  in  the  blood,  and  all  the  saline  ingredients  of 
the  animal  body  (with  the  exception  of  common  salt,  which  is 
sometimes  taken  directly  from  the  mineral  kingdom),  aro  drawn 
from  the  earthy  constituents  (336)  of  the  plants  upon  which  the 
animal  feeds.  The  animal  merely  appropriates  and  accumulates 
these  already  organizable  materials,  changing  them,  it  may  be,  litde 
by  little,  as  he  destroys  them,  but  rendering  them  all  back  (thoee 
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of  the  first  clan  through  the  lungs,  of  the  secoDd  through  the  kid- 
neys) fioslly  to  the  earth  and  air,  from  which,  and  in  the  conditioa 
in  which,  the  vegetable  took  them. 

365.  The  relations  of  vegetation  to  the  mineral  and  animal  king- 
doms, as  especially  concerns  the  elaboration  of  the  constituents  of 
the  animal  body,  ate  shown  in  the  second  part  of  the  subjoined 
diagram. 
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CHAPTER    VII. 

OP    FLOWBBINO    AND    ITS    OONBBQUBNDBB. 

366.  Punts  have  thus  far  been  considered  only  as  respects 
their  Orgatu  of  Vegetation ;  —  those  which  essentially  constitute 
the  vegetable  being,  by  which  it  grows,  deriving  its  support  from 
the  surrounding  air  and  soil,  and  converting  these  inorganic  ma- 
terials into  its  own  organized  aubatance.  As  every  additional 
■upply  of  nourishment  furnishes  materials  for  the  development  of 
new  branches,  roots,  and  leaves,  thus  multiplying  both  those  or- 
gans which  receive  food  aod  those  which  assimilate  it,  it  would 
Mem  that,  apart  from  accidents,  the  increase  and  extension  of 
plants  would  be  limited  only  by  the  failure  of  an  adequate  supply 
of  noitrishment.  After  a  certain  period,  however,  varying  in  dif< 
ferent  species,  but  nearly  constant  in  each,  a  change  ensues,  which 
eoDlroU  this  otherwise  indefinite  extent  of  the  branches,  and  is  at- 
tended with  very  important  results.  A  portion  of  the  buds,  instead 
of  elongating  into  branches,  are  developed  in  the  form  of  Flow- 
EKS;  and  the  nourishment  which  would  otherwise  contribute  to  the 
general  increase  of  the  plant,  is  partially  or  wholly  expended  in 
their  production,  and  in  the  matumtion  of  the  fruit  and  seed* 
(110).  So  (kt  as  we  know,  the  sole  office  of  the  flower  and  fruit 
in  the  vegetable  economy  is  the  production  of  seed.  Hence  they 
lie  termed  Okgans  of  Repboddction  (115), 

367.  Floveriug  U  Elhuutlre  Proua.  Plants  begin  to  bear  flow- 
ers at  a  nearly  determinate  period  for  each  species  *,  which  is  de- 
pendent partly  upon  constitutional  causes  that  we  are  unable  to 
account  for,  and  partly  upon  the  requisite  supply  of  nutritive  mat* 
ter  in  their  system.  For,  since  the  flower  and  fruit  draV  largely 
opoB  the  powers  and  nourishment  of  the  plant,  while  they  yield 
nothing  in  return,  fructificalion  is  an  exhaustive  process,  and  a  due 
Bccumulation  of  food  is  requisite  to  sustain  it.*    Annuals  flower 

*  Wbcn  the  tnneh  of  a  fniit-tree,  which  is  ilerile  or  doea  Dot  peiftct  ill 
Uooomi,  U  ringed  or  ginStd  (bj  the  remoTal  <rf  k  iiutdw  ring  of  twrk},  the 
*l>l»]nted  juieei,  baing  united  in  their  downward  conree,  are  Mcnmnlued 
in  the  bnncb,  which  ia  thiu  enabled  to  prodoce  fhiit  abandantl; ;  while  th« 
thoota  that  t^ev  below  the  ring,  being  fed  chiefly  by  the  etude  aecending  la^ 
18* 
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in  a  few  weeks  or  months  after  they  spring  from  the  seed,  when 
they  have  little  Dourishment  stored  up  in  their  tissue ;  anil  tbor 
lives  are  destroyed  in  the  process  (137):  bienniak  flower  afWra 
longer  period,  rapidly  exhausting  the  nourishment  accumulated  is 
the  root  during  the  previous  season,  and  then  perishing  (128); 
while  shrubs  and  trees  do  not  commence  flowering  until  they  are 
sufiiciently  established  to  endure  it  The  exhaustion  consequent 
upon  flowering,  however,  is  ol\en  exhibited  in  fruit-trees,  which, 
aAer  producing  an  excessive  crop  (especially  of  late  fruits,  such  as 
apples),  sometimes  fail  to  bear  the  succeeding  year.  When  the 
crop  of  one  year  is  destroyed,  the  nourishment  which  it  would  have 
consumed  accumulates,  and  the  tree  may  bear  more  abundantly 
the  following  season,  and  so  on  alternately  from  year  to  year. 

366.  The  actual  consumption  of  nourishment  in  flowering  may 
be  shown  in  a' variety  of  ways  ;  as  by  the  rapid  disappearance  of 
the  farinaceous  or  saccharine  storo  in  the  roots  of  the  Carrol,  Beet, 
&c.,  when  they  begin  to  flower,  leaving  them  light,  dry,and  empty ; 
and  from  the  rapid  diminution  of  the  sugar  in  the  stalk  of  the  Sugar- 
cane (ss  also  in  that  of  Maize)  at  the  same  period.  The  stalks  are 
therefore  cut  for  making  sugar  just  before  the  flowers  expand,  as 
they  then  contiun  the  greatest  amount  of  saccharine  matter. 

369.  The  consequences  of  this  exhaustion  -upon  the  duraticm  of 
plants  have  already  been  adverted  to.  They  are  further  illustrated 
by  the  facility  with  which  annuals  may  be  changed  into  biennials, 
or  their  life  prolonged  indefinitely  by  preventing  their  flowering ; 
while  they  perish  whenever  they  bear  flowers  and  seed,  whether 
during  the  firat  or  any  succeeding  year.  So,  a  common  annual  - 
liarkspur  has  given  rise  to  a  double>flowered  variety  in  the  gardens, 
which  bears  no  seed,  and  has  therefore  become  a  perennial.  So, 
also,  cabbage -stumps,  which  aro  planted  for  seed,  may  be  made  to 
bear  heads  the  second  year  by  destroying  the  flower-shoots  as  they 
arise  ;  and  the  process  may  be  continued  from  year  to  year,  thus 
convening  a  biennial  into  a  kind  of  perennial  plant.  The  effect  of 
flowering  upon  the  longevity  of  the  individual  is  strikingly  shown 

do  not  besr  flowen,  tnit  piuli  forth  into  leafj  bnnchei.  So  the  flowen  of  moM 
trees  and  ■hmb*  th>t  bear  Urge  or  fleshy  fhiit  are  prodaced  from  lateral  bod*, 
reidng  directlj  npon  the  wood  of  the  prBvioni  jear,  in  whichaqoaotitjofna- 
eitiTe  matter  i»  depoeiud.  So,  alio,  a  seedling  (boot,  which  would  Dot  flower 
Ibr  UTeral  Tsan  if  left  to  ibelf,  bloHOmi  the  mxt  aeaion  when  inierted  ai  • 
graft  into  an  older  trnnk,  from  whose  accnmnlated  tioek  ft  draw*. 
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hy  the  Agave,  or  Century-plaat,  —  so  cslled  because  it  flowers  in 
our  conseiratories  only  after  the  lapse  of  a  hundred,  or  at  least  a 
great  number  of  years ;  although,  in  Its  native  sultry  clime,  it 
geneially  flowers  when  five  or  six  years  old.  But  whenever  this 
occurs,  the  sweet  juice  with  which  il  is  filled  at  the  time  (which 
by  fermentatioD  forms  pulque,  the  inebriating  drink  of  the  Mexi- 
cans) is  consumed  at  a  rate  answering  to  the  astonishing  rapidity 
with  which  its  huge  flower-stalk  shoots  forth  (34),  and  the  whole 
plant  inevitably  perishes  when  the  seeds  have  ripened.  So,  also, 
the  Corypha,  or  Talipot-tree,  a  magnificent  Oriental  Palm,  which 
lives  to  a  great  age  and  attains  an  imposing  altitude  (bearing  a 
crown  of  leaves,  each  blade  of  which  is  oflen  thirty  feet  in  circum- 
ference), flowers  only  once  ;  but  it  then  bears  an  enormous  num- 
ber of  blossoms,  succeeded  by  a  crop  of  nuts  sufficient  to  supply 
a  large  district  with  seed ;  while  the  tree  immediately  perishm 
from  the  exhaustion  consequent  upon  this  over-production.         * 

370.  Flowering  and  fruiting,  then,  draw  largely  upon  the  plant's 
resources,  while  they  give  back  nothing  in  return.  In  these  opera- 
dona,  as  also  in  germination,  vegetables  act  as  true  consumers  (like 
anifnals,  363),  decomposing  their  own  products,  and  giving  back 
carbonic  acid  and  water  to  the  air,  instead  of  taking  these  materials 
from  die  air.  It  is  iA  flowering  that  they  actually  consume  most. 
In  fruiting,  although  the  plant  is  robbed  of  a  large  quantity  of  nour- 
ishment, this  is  mostly  accumulated  in  the  frOit  and  seed,  in  a  con- 
centrated form,  for  the  future  consumption,  not  of  the  parent  plant, 
but  of  the  new  individual  inclosed  in  the  seed.  As  we  may  treat 
of  the  latter  elsewhere,  we  have  here  to  contemplate  only  the  real 
and  immediate  consumption- of  nourishment  by  the  flower. 

371.  This  is  shown  by  the  action  of  flowers  upon  the  air,  so  dif- 
ferent from  that  of  leaves.  While  the  foliage  withdraws  carbonic 
acid  from  the  air,  and  restores  oxygen  (346,  358),  flowers  take  a 
small  portion  of  oxygen  from  the  air,  and  give  back  carbonic  acid. 
While  leaves,  therefore,  purify  the  air  we  breathe,  flowers  contami- 
nate it ;  though,  of  course,  only  to  a  degree  which  is  relatively  and 
absolutely  insignificant. 

373.  ErolHtin  of  HeiL  When  carbon  is  consumed  as  fuel,  and 
by  the  oxygen  of  the  air  converted  into  carbonic  acid,  an  amount 
of  heat  is  evolved,  directly  proportionate  to  the  quantity  of  carbon 
consumed,  or  of  carbonic  acid  produced.  Precisely  the  same 
amount  is  mcwe  slowly  generated  during  the  gradual  decomp(»itioQ 
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of  the  same  quantity  of  vegetable  matter  by  decay,  —  a  beat  which 
is  employed  by  thd  gardener  when  he  makee  hot-beds  of  tan,  de- 
caying  leaves,  and  manure,  —  or  by  the  breathing  of  animals, 
where  it  maintains  their  elevated  temperature  (364).  The  con- 
sumption  of  a  given  amount  of  carbon  and  hydrogen,  under  what- 
ever form,  and  whether  slowly  or  rapidly,  generates  in  all  cases 
the  very  same  amouat  of  heat  Now,  since  flowers  consume  car- 
bon and  produce  carbonic  acid,  acting  in  this  respe<!t  like  animals, 
they  ought  to  evolve  heat  in  proportion  to  that  consumption.  Tbia, 
in  fact,  they  do.  The  evolution  of  heat  in  blossoming  was  first  ob- 
served by  Lamarck,  about  seventy  years  ago,  in  the  European 
Arum,  which,  just  as  the  flowers  open,  '*  grows  hot,"  as  Lamarck 
stated , "  as  if  it  were  about  to  bum."  It  was  afterwards  shown  by 
•  BausBure  in  a  number  of  flowers,  such  as  those  of  the  Bignonia, 
Gourd,  and  Tuberose,  and  the  heal  was  shown  to  be  in  direct  pro- 
portion to  the  consumption  of  the  oxygen  of  the  air,  or,  in  other 
words,  of  the  carbon  of  the  plant.  The  increase  of  temperature, 
in  these  cases,  was  measured  by  common  instruments.  But  now 
that  thermo-electric  apparatus  affords  the  means  of  measuring  va- 
riations inappreciable  by  the  most  delicate  thermometer,  the  heal 
generated  t^  an  ordinary  cluster  of  blossoms  may  be  detected. 
The  phenomenon  is  most  stHking  in  the  case  of  some  large  tropi- 
cal Aroideous  plants,  where  an  immense  number  of  blossoms  are 
crowded  together  and  muffled  by  a  kind  of  hood,  or  spathe  (390), 
which  confines  and  reverberates  the  heat  In  some  of  these,  the 
temperature  rises  at  times  to  twenty  or  even  fifty  degrees  (Fahren- 
heit) above  that  of  the  surrounding  air.* 

373.  The  source  of  the  beat  in  flowering  is  therefore  evident 
As  to  its  object,  we  cannot  say  whether  its  production  is  the  imme- 
diate end  in  view,  and  the  plant  bums  some  of  its  carbon  merely 

*  This  inereue  of  temperatnre  ocean  dallj  from  the  lime  the  flowers  optn 
nnlil  thej  ftde,  bat  u  most  striking  daring  the  gbedding  of  Hit  poUon.  Ai 
night,  the  tempenture  fiUli  ntatlj  to  that  of  the  iiuToaaditig  air;  bat  ia  the 
cotine  of  the  morning  the  heat  comes  on,  ai  it  irere,  like  a  pamjytni  of  fivtr, 
Stmhiing  the  maximnm,  daj  after  daj,  very  nearlj  at  the  same  hour  of  the 
aflenioon,  and  gmdoallj  declining  towards  evening.  In  ordiDai7  caaes,  die 
heat  of  flowering  i»  abaorbed  by  the  vaporiMtion  of  the  lap  and  the  exhala- 
tion of  oxygen  by  (he  foliage  (besidea,  a  large  amonnt  ii  abtorbed  from  iba 
lolar  radiation  and  rendered  latent  in  the  proeeu  of  ■KimiUtioB) ;  lo  that  ^ 
actual  temperatnre  of  a  kafj  plant  in  summer  ij  lower  than  that  of  the  atmoi- 
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as  fuel,  or  whether  the  evolution  of  heal  and  the  formation  of  car- 
boaic  acid  are  incidental  cooaequences  of  certain  necessary  tram* 
formations.  We  have  remarked  that  the  principat  consumption 
takes  place  in  the  flower ;  and  that  a  store  is  laid  up  in  the  fruit 
and  seed.  But  much  even  of  this  is  consumed,  with  the  evolution 
of  beat,  when  the  seed  germinates.  By  a  not  very  violent  met- 
aphor  it  may  be  said,  therefore,  that  in  the  Century-plant  (369), 
which,  af\er  living  a  hundred  years,  consumes  itself  in  producing 
and  giving  life  to  its  oflspring,  who  literally  lise  from  its  ashee,  we 
have  the  realization  of  the  fabled  Phoaniz  1 

374.  Flull  BMd  a  Seaun  of  Kut  There  is  another  condition, 
which,  if  not  essential  to  the  production  of  flowers,  exerts  an  im- 
portant influence.  When  plants  are  in  continual  and  luxuriant 
growth,  rapidly  pushing  forth  leafy  branches,  they  are  not  apt  to 
produce  flower-buds.  Our  fruit-trees,  in  very  moist  seasons,  or  ' 
when  cultivated  in  too  rich  a  soil,  often  grow  luxuriantly,  but  do 
not  flower.  The  same  thing  is  observed  when  our  Northern  fruit- 
trees  aro  transported  into  tropical  climates.  On  the  other  band, 
whatever  checks  this  ccmtinuous  growth,  without  aSecting  the 
health  of  the  individual,  causes  blossoms  to  appear  earlier  and 
more  abundantly  than  they  otherwise  would.  It  is  for  this  reasoa 
that  transplanted  fruit-trees  incline  to  flower  the  first  season  after 
their  removal,  though  they  may  not  blossom  again  for  several 
years.  A  season  of  comparative  rest  is  essential  to  the  transfor- 
mation by  which  flowers  are  formed.  It  is  in  autumn,  or  at  least 
after  the  vigorous  vegetation  of  the  season  is  over,  that  our  trees 
and  shrubs,  and  most  perennial  herbs,  produce  the  flower-buds  of 
the  ensuing  year. 

375.  The  requisite  annual  season  of  repose,  which  in  temperate 
climes  is  attained  by  the  lowering  of  the  temperature  in  autumn 
and  winter,  is  scarcely  less  marked  in  many  tropical  countries, 
where  winter  is  unknown.  But  the  result  is  brought  about,  in  the 
latter  ease,  not  by  cold,  but  by  excesnve  heat  and  dryness.  The 
Cape  of  Good  Hope,  the  Canary  Islands,  and  the  southern  part 
of  California,  may  be  taken  as  illustrations.  In  the  Canaries,  the 
growing  season  is  from  November  to  March, —  the  winter  of  the 
northern  hemisphere,  —  their  winter  also,  as  it  is  the  coolest  sea- 
son, the  mean  temperature  being  66"  Fahr.  But  the  rains  fall  reg- 
ulariy  and  vegetation  is  active ;  while  in  summer,  from  April  to 
October,  it  very  seldom  rains,  and  the  mean  temperature  is  as  high 
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u  73".  During  this  dry  season,  when  tbe  scorching  sun  reduces 
the  BoU  nearly  to  the  dryness  and  consiateoce  of  brick,  ordinary 
vegetation  almost  completely  disappears ;  and  tbe  Fig-Hari golds. 
Euphorbias,  and  other  succulent  plants,  which,  fitted  to  this  condi- 
tion of  things,  alone  reniain  green,  not  unaptly  represent  the  Firs 
and  other  evergreens  of  high  northern  latitudes.  The  dry  heat 
there  brings  about  tbe  same  stale  of  vegetable  repose  as  cold  widi 
ns.  The  roots  and  bulbs  then  lie  dormant  benrath  tbe  aun-bumt 
cniat,  just  as  they  do  in  our  frozen  soil.  When  (he  rainy  season 
sets  in,  and  tbe  crust  is  soUened  by  moisture,  they  are  excited  into 
growth  under  a  diminished  temperature,  just  as  with  ns  by  beat ; 
and  the  Teady-fonDed  flower-buds  are  suddenly  developed,  cloth* 
ing  at  once  the  arid  waste  with  a  profusion  of  blossoms.  TIm 
vegetation  of  such  regions  consists  mainly  of  succulents,  which  are 
able  io  live  through  the  drought  and  exposure ;  of  bulbous  plants, 
which  run  through  their  course  before  the  drought  becomes  severe, 
dien  lose  their  foliage,  while  tbe  bud  reimins  quiescent,  safely 
protected  under  ground  until  tbe  rainy  season  retuniB ;  and  of  an- 
nuals, which  make  tbeir  whole  growth  in  a  few  weeks,  and  ripen 
dteir  seeds,  in  which  state  tbe  species  securely  passes  the  arid  sea- 
ian.  A  season  of  interruption  to  growth,  produced  either  by  cold 
or  dryness,  occurs,  in  a  more  or  less  marked  degree,  through  every 
part  of  the  worid. 

S76.  l^ieae  considerations  explain  the  process  at  forcing  ptanb, 
and  other  operationB  of  horticulture,  by  which  we  are  enabled 
Io  obtain  in  winter  tbe  flowers  and  fruits  of  summer.  The  gar- 
dener accomplishes  these  results  principally  by  skilful  alterations 
of  the  natural  period  of  repose.  He  gives  the  plant  an  artificial 
period  of  rest  by  dryness  at  the  season  when  he  canitot  command 
cc4d,  and  then,  by  the  influenoe  of  heat,  light,  and  moisture,  which 
be  can  always  command,  causes  it  to  grow  at  a  season  when  it 
would  have  been  quiescent  Thus  be  retards  or  advances,  at  will, 
tbe  periods  of  flowering  and  of  rest,  or  in  time  completely  in* 
verts  them. 
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CHAPTER   VIII. 

OF   THE    INFLORESCENCE. 

377.  InflSRSICBn  is  the  tenn  used  to  designate  die  KirangemeiH 
of  flowNs  upon  the  stem  or  bmuch.  The  flower,  like  the  branch, 
ii  evolved  from  a  bud.  Flower-buda  and  leaf-buds  are  often  ao 
anular  in  appeeraece,  that  it  ia  difficult  to  dtatiDguiah  one  from  die 
other  before  their  expansioD.  The  most  conspicuous  parts  of  the 
Bower  ore  ao  obviously  analogous  to  tbe  leaves  of  a  branch,  that 
they  are  called  in  common,  language  the  leaTes  of  the  flower. 
Such  a  flower  as  the  double  Camellia  appears  as  if  composed  of  a 
rosette  of  whits  or  colored  leaves,  resembling,  except  in  their  color  * 
sod  great  delicacy,  the  clusters  of  leaves  which  crown  the  oibem 
<^BUch  plants  as  tbe  Houeeleek  (Fig.  174),  itc  We  may  thMe- 
fiire  naturally  consider  a  flowei^bud  as  analogous  to  a  leaf-bud ; 
ud  a  flower,  consequently,  as  anali^ous  to  a  short,  lealy  branch. 

378.  This  analc^  is  oonfirmed  by  the  position  which  flowers 
■  occupy.    Whatever  views  may  be  entertained  respecting  the  na* 

Hue  of  fiowers,  it  ia  certain  that  they  appear  at  the  same  situationa 
u  ordinary  buds,  and  at  no  other.  They  have  the  same  relation 
to  tbe  stem  or  flower-stalk  which  beara  them,  that  leaf-buds  have 
to  tbe  stem  or  branch  from  which  they  arise ;  that  ia,  they  occupy 
tbe  extremity  <4  the  stem  or  branch,  and  the  axil  of  the  leavea 
(144, 148).  Consequently,  the  arrangement  of  tbe  buds  governs 
the  whole  arrangement  of  the  blossoms,  as  well  as  that  of  the 
imutcbes.  The  flower-stalk  is  merely  the  last  term  of  ramifica- 
tioa.  Tha  almost  endless  variety  of  modes  in  which  flowera  are 
eloMered  upon  the  ^m,  many  of  them  exhibiting  the  roost  grace- 
fsl  of  natural  forms,  all  impliclfly  follow  tbe  general  law  which 
has  controlled  the  v^ole  development  of  the  vegetable  from  tbe 
beginning.  We  have,  throughout,  merely  buds  tenninating  the 
■tern  and  branches,  and  buds  from  the  axil  of  the  leaves. 

379.  Tbe  umplest  kind  of  inflorescence  is,  of  course,  thai  of  a 
wlttary  flower, — a  angle  flower-stalk  bearing  a  single  flower ;  aa 
in  Fig.  S49  and  Fig.  'JS9.  The  naked  stalk  which  supports  tbe 
flower  is  termed  the  Peoohcls.  If  the  flower  is  not  raised  on  a 
proper  stalk,  it  is  said  to  be  leftSe. 
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880.  la  both  of  the  exBmpIes  just  adduced,  the  Sower  ia  soH- 
tary ;  but  there  is  a  diflerence  ia  one  respect.  In  Fig.  349,  the 
flower  terminates  the  stem  ;  it  elands  in  the  place  of  a  terminal 
bud.  In  Fig.  329,  it  arises  from  the  axil  of  a  leaf,  or  repreaents 
an  axillary  bud.  These  two  cases,  in  fact,  exhibit  the  two  types 
(reduced  to  the  greatest  simplicity),  to  the  one  or  the  other  of 
which  all  the  forms  of  infloresceDce  belong. 
'  381.  We  may  begin  with  the  seccmd  of  these  plans ;  in  which 
the  flowers  all  spring  from  axillary  buds ;  while  the  terminal  bud, 
developing  as  an  ordinary  branch,  continues  the  stem  or  axis  in- 
definitely. For  the  stem  in  such  case  may  continue  to  ekNigate, 
and  produce  a  flower  in  the  axil  of  every  leaf,  until  its  powen  are 
exhausted  (Fig.  230).    This  gives  rise,  therefore,  to  what  is  called 

362.  lodcfinitc  or  IndetennlDate  IifloRM^n.  The  primary  axis  is 
here  never  terminated  by  a  flower ;  but  the  secondary  axes  (from 
axillary  buds)  are  thus  terminated.  Before  we  enomerate  the  va- 
rious forms  of  inflorescence  of  this  class,  a  few  terms  must  be  de- 
fined which  necessarily  come  into  use  in  distinguishing  the  parts  of 
a  flower-cluster.  The  primary  axis,  or  general  stalk  which  bean 
the  whole  cluster  of  flowers,  retains  the  name  of  Pbdunclb  (379), 
while  the  tecondary  axes,  which  form  the  partial  flower-stalks  and  . 
support  each  a  single  blossom,  now  receive  the  name  of  Psntcxts. 
These,  being  axillary  branches,  must  of  course  be  subtended  each 
by  a  leaf,  or  else  will  show  the  scar  led  by  its  fell.  The  leaves  of 
an  inflorescence,  however,  are  usually  reduced  in  size,  or  changed 
in  appearance,  so  as  to  be  quite  unlike  the  ordinary  leaves  of  the 
plant :  they  are  called  sometimes  ^floral  leaeet,  or  more  commoaly 
Bbacts.  The  bracts  are  o^en  reduced  to  a  minute  size,  so  as  to 
escape  ordinary  notice :  they  very  frequently  fall  off  when  the 
flower.bud  in  their  axil  expands,  or  even  still  earlier;  and  some- 
times, as  in  the  greater  part  of  the  Mustard  Family,  they  altogether 
fail  to  appear.  The  portion  of  the  general  stalk  along  which 
flowers  are  borne  is  called  the  axis  of  tke  inflorescence,  and  some- 
times, especially' when  covered  with  sessile  flowera,  the  Rbacbis 
(from  its  resemblaDce  or  analogy  to  the  backbone). 

883.  The  various  forms  of  indefinite  inflorescence  which  in  de- 
acriptive  botany  are  distinguished  by  special  names,  as  might  be 
expected,  run  into  one  another  through  endless  intermediate  gra- 
dations. In  nature  tbey  are  not  so  absolutely  fixed  as  in  our  writ- 
ten definitions ;  and  whether  this  or  that  name  should  be  used  in  a 
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{wrtkulftr  caae  ta  often  a  matter  of  foncy.  The  subjoiiwd  account 
of  the  principal  kinds  will  at  the  game  time  bring  to  view  the  con- 
neetion  between  them. 

384.  A  RtcnUB  ia  formed  when  the  primary  ajtis  continues  to 
teagtben,  and  the  flowen,  singly  produced  from  the  axil  of  each 
bract,  are  supported  on  pedicels  of  dieir  own,  as  in  Fig.  330. 
Tbe  flowers  and  fruit  of  the  Cumnt,  Barberry,  and  wild  Black 
Qierry  (Pig.  286)  furnish  most  familiar  examples.  The  lowest 
ftHKis  of  a  nceme,  being  evidently  the  oldest,  are  the  first  to  ex- 
pand, and  (he  otbera  follow  in  regular  succession,  fVom  the  base  to 
Ae  summit  Indeed,  the  lower  flowen  often  produce,  or  (as  in 
Ae  Snowbeny,  Symphoricarpus  racemoeus)  even  ripen,  their 
Anit,  before  the  summit  has  ceased  to  grow  and  develope  new 


385.  A  CoiTBb  (Pig-  231,  239)  is  the  same  as  a  mceme,  except 
that  the  lower  pedicels  are  elongated,  so  as  to  form  a  leveKtopped 
or  slightly  convex  bunch  of  flowers ;  as  in  the  Hawthorn,  dtc. 

386.  An  Umbel  (Fig.  232)  differs  from  a  corymb  only  in  having 
■n  the  pedicels  arising  from  the  same  apparent  point ;  the  general 
peduncle,  in  this  cose,  bearing  several  flowers  without  any  percep* 
dUe  elongation  of  the  intemodes  of  the  axis  of  inflorescence.  The 
Primrose  and  the  Milkweed  afford  familiar  examples  of  the  simple 
nnbeL 

S8T.  A  corymb  being  evidently  the  same  a^  a  isceme  with  a 
Aon  main  axis,  and  an  umbel  the  same  as  a  corymb  with  a  still 
■hotter  axis,  it  is  evident  that  the  outer  flowers  of  an  nmbel  or 
cotymb  correspond  to  the  lawermoet  in  the  raceme,  and  that  thesQ 
will  first  expand,  the  blossoming  proceeding  regularly  fiom  the 
l»se  to  the  apex,  or  (which  is  the  same  thing  from  Ae)  circnmfar- 
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enoe  to  the  centre.  Thii  mode  of  developmeat  UDiformly  takes 
place  when  the  flowers  arise  from  azillaTy  buds;  oo 
which  account  the  indefinite  mode  of  inflorasceiua  u 
also  called  the  centripetal. 

386.  In  all  the  foregoing  cases,  the  flowers  are  raised 
on  stalks,  or  pedicels.  When  these  are  wanting,  or 
very  short,  the  ipite  or  the  head  is  produced. 

369.  A  Spike  is  the  same  as  the  raceme,  except  Usai 
the  flowers  are  sessile,  or  destitute  of  any  apparent 
pedicels ;  as  in  the  Plantain  (Fig.  233).  It  is  an  inde- 
terminate or  centripetal  inflorescence,  with  the  pri> 
mary  axis  elongated,  and  the  secondary  axes  not  at  all 
elongated,  but  terminated  at  their  very  origin  by  a 
flower.  Two  varieties  of  the  spike  have  received  in- 
dependent names,  viz.  the  Spadix  and  the  AmeM. 
390.  i  Spadil  is  a  fleshy  spike  enveloped  by  a  large 
***  bract  or  modified  leaf,  called  a  Spatbk,  as  in  Calls  pa- 

lustris  (Fig.  334),  the  cultivated  Calla  JQibiopica,  Arum  tripbyllum, 
or  Indian  Turnip  (Fig.  335),  and  the  Skunk  Cabbage  (see  Aracea). 


391.  Ad  Ament,  or  Calkilli  is  merely  that  kind  of  spike  with  scaly 

FIO,  IS3.    TooDg  iplke  of  FIuUgD  major. 

ri0.m-ax.    Fgnu  anmlanuaca.    131,  3X.  S|adlx  of  CUI*  ind  of  Arum,  with  tte 
ipMb*.    138,  A  nunw.    St.  A  cjat.    fBS.  A  puJda.    3».  A  corymb 
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bnets  borne  by  the  Birch,  P6plar,  Willow,  and,  as  to  one  of  ibe 
two  sorts  of  flowen,  by  the  Oak,  Walnut,  and  Hickory,  which  are 
accordJDgiy  called  amattaetout  tree*.  Catkins  usually  fall  off  in 
one  piece,  after  flowering  or  fruiting,  especially  the  sterile  cat- 

kiDB. 

392.  Ai  Hnd,  or  CqiitnlllDli  is  a  globular  cluster  of  sessile  flow- 
eiB,  like  that  of  the  Button  Bush,  the  balls  of  the  Buttonwood  or 
Pluie-tree,  Sua.  It  is  a  many-fiowered  centripetal  inflorescence, 
in  which  neither  the  primary  axis  nor  the  secondary  axes  are  at  all 
lengthened.  We  may  conceire  it  to  originate,  either  from  the 
DOn-derelopment  of  the  pedicels  of  an  umbel  (Fig.  S3S),  or  the 
noD-eloogation  of  the  axis  of  a  spike.  In  other  words,  the  bead 
diflers  from  a  spike  only  in  its  shortness.  So  what  is  at  first  a 
bead  frequently  elongates  into  a  spike  as  it  grows  older;  as  ia 
many  species  of  Clover,  &c.  In  all  these  forms,  the  blossoms  ne- 
cessarily expand  from  the  base  to  the  apex,  or  from  the  circum- 
loeiice  to  the  centre  (387). 

393.  The  base  both  of  the  head  and  the  umbel  is  frequently 
foniisbed  with  a  number  of  imper- 
fect leaves  or  bracts,  crowded  to- 
gether, or  forming  a  whorl  (236, 

Yi%.  232),  termed  an  Ihvolocbe. 
The  involucre  assumes  a  great  va- 
riety of  forms  ;  sometimes  resem- 
bling a  calyx ;  and  sometimes  (as 
in  Comus  Florida,  or  the  common 
Dogwood,  and  C.  Canadensis,  Fig. 
S40)  becoming  petal-like,  and 
nmch  more  showy  than  the  bloe- 
■om  itself.  It  is,  however,  distin- 
giusbed  from  the  calyx  or  corolla 

by  including  a  number  of  flowers.  ^ 

Sometimes,  however,  as  in  the 
Hallow  Family  and  Hibiscus,  the 

involucre  forms  a  kind  of  outer  *"  * 

eslyz  to  each  flower. 

394.  The  axis,  or  rhachis  (382),  of  a  head  is  called  the  Recep- 
TiCLB.  Frequently,  instead  of  being  globular  or  somewhat  pro- 
no.  sta    Qomui  CUudtoali)  withlupKiJ-Uke  Ibsr-liarad  InrolucnnunODdli^iabtd 
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lodged,  it  is  flat  or  dopreoBed,  and  dilated  horizootallf ,  «o  u  lo 
allow  a  lai^  amnber  of  flowere  to  ataod  on  its  level  or  merely 
convex  mirface  ;  aa  in  the  Sunflower,  and  in  similar  plants.  What 
were  called  eompotutd  jtoKert  by  the  older  botanists,  such  as  the 
Sunflower,  Aster,  Marigold,  &c.,  are  heads  of  this  kind,  containing 
a  smaller  or  larger  number  of  flowers,  crowded  together  on  the 
receptacle  (or  dilated  biancb),  and  surrounded  by  an  involucre. 
Not  unfrequently  the  separate  flowera  are  also  subtended  by  bracti ; 
as  in  the  Sunflower,  Rudbeckia,  Coreopsis,  ^.,  when  these  le- 
ceive  the  name  of  Palk£,  or  Chaff.     (See  Ord.  Composite.) 

395.  The  Pio  presents  a  caae  of  very  singular  iuflorescenee 
(Fig.  241, 243),  where  the  flowers  apparently  occupy  the  •axAa 
instead  of  the  outside  of  the  axis,  being  inclosed  within  the  fleshy 
receptacle,  which  is  hollow  and  nearly  closed  at  the  top.  The  mag- 
nified slice  (Fig.  243)  shows  that  the  inner  surface  is  lined,  not 
with  mere  seeds,  as  is  commonly  supposed,  but  with  a  multitnda 
of  small  blossoms.  ThejE^  is  therefore  something  like  a  mulbeny 
(Fig.  244),  or  a  pine-apple,  turned  inside  out. 


396.  In  all  the  cases  yet  mentioned,  the  flower-clusters  are  sim- 
ple ;  the  mmification  not  passing  beyond  the  first  step ;  the  lateral 


Flo.  Ml.  A  Fig.  Ma.  A  nnlul  •geiion.  » 
FIO.SM.  -ni.  MaBignT  In  (Mi.  MS.  One  oT 
of  thg  Odwhi  with  ■  hciImi  of  tba  Jolcj  Sent  saraJopas. 
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bods  being  at  ooce  tennmated  by  a  «ngle  fiower.    But  the  latent 

floweMttlks  maj  themselves  branch,  just  oa  ordinary  branches 

gtre  rise  to  braochlets ;  when  the  iDflorescence  becomes  compound. 

The  modificatioDB  produced  by  a  second  branching  of  the  inflores 

ca>ce  are  readily  uDderstood.    If  the  branches  of  a  raceme  ara 

[uotoDged,  and  bear  other  floweis  on  pedicels  nmilariy  arranged,  a 

tM^oiatd  raeeau  is  produced ;  or  if  the  flowers  are  sessile,  a  com- 

fomd  ipike  is  formed.    A  corymb,  the  branches  of  which  are 

rimilarly  dirided,  fonns  a  com- 

fowd  eorymh ;  and  an  umbel, 

where  the  branches  (often  called 

nyt)  bear  smaller  umbels  at  their' 

ipei,  is  termed  a  eompoimd  um- 

itl;  examples  of  which  occur 

n  almost  all  the  species  of  the 

Family   Umbetlirero,   which    is 

10  named  because  all  its  plants 

bear   umbels.     For   these   sec- 

Qodary  umbels,  a  good  English         *"  ** 

Dime  has  been  employed  t^  Dr.  Darlington,  that  of  Uxbbllbts. 

Tbeir  involucre,  when  they  have  any,  is  distinguished  fn>m  that  of 

the  principal  umbel  by  the  name  of  Involucel. 

397.  It  is  often  necessary  to  distingubh  between  the  bracts  oa 
tbe  branches  of  the  inflorescence,  and  those  at  the  base  of  the  pri- 
maiy  blanches ;  in  which  case  the  former  are  termed  Bractbolbs, 
M  BoACTLBTS ;  but  there  is  no  real  limit,  either  between  bractlets 
md  true  bracts,  or  between  bracts  and  true  leaves. 

396.  When  the  inflorescence  is  compound,  it  is  readily  seen  that 
tvo  or  more  modes  of  inflorescence  may  be  combined ;  the  flrst 
mnification  following  one  plan,  and  the  subdivision  another.  Tbe 
cocnbination  is  usually  expressed  by  a  descriptive  phrase,  as 
"([Hkes  racemose,  or  racemed,"  "  heads  corymbose,"  &c.  The 
eomlHnatioa  of  tbe  raceme  and  tbe  corymb  or  the  cyme  gives  rise 
Id  a  form  of  inflorescence  which  has  a  technical  name,  viz. :  — 

399.  ne  Puicll.  This  is  formed  when  tbe  secondary  axes  of  a 
ncente  branch  in  a  corymbose  manner,  as  in  numerous  Grasses 
(Fig,  238),  or  those  of  a  corymb  divide  in  the  manner  of  a  ra- 
ceme.   And  the  name  is  loosely  applied  to  almost  any  open  and 

i:  A.ft.io- 
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man  or  leas  elongated  infioreicence  which  is  in^ulariy  branched 
twice,  thrice,  or  a  greater  number  of  times. 

400.  A  TbTmi  19  merel;  a  compact  panicle  of  a  pyFKinidal,  oral, 
or  oblong  outline ;  such  as  the  cluster  of  flowers  of  tbe  Lilac  and 
Horaecbestaut,  a  bunch  of  grapes,  &c. 

401.  DefinltB  »  DetemiatiB  IlOonHOR.  In  this  claw,  the  flow- 
ers alt  represent  terminal  buds  (380).  The  primary  azia  is  direct- 
ly terminated  by  a  single  flower-bud,  as  in  Fig.  S49|  and  its  growth 
is  of  course  arrested,  as  it  ia  now  incapable  of  any  further  eloi^a- 
tion.  In  this  way  we  have  a  solitary  tenninal  flower.  Further 
growth  can  take  place  <»ily  by  tbe  development  of  secondary  axes 
from  axillary  buds.  These  may  derelope  at  mice  as  peduncles,  or 
as  leafy  branches ;  but  they  are  in  either  case  arrested,  aRcr  more 
or  less  eloogalioD,  by  a  flower-bud,  just  as  the  priauuy  axis  was 
(Fig.  350).  If  further  development  ensues,  it  is  by  tbe  productioD 
of  branches  of  tbe  third  order,  from  tbe  axils  of  leares  or  bncis  en 
tbe  branches  of  the  second  order  (Fig.  251) ;  and  so  on.  Hence 
this  mode  of  inflorescence  is  said  to  be  definiu  or  deUrminate,  in 
contradistinction  to  the  indeterminate  mode,  already  treate<f  of 
(383,  &C-),  where  the  primary  or  leading  axes  elongate  indefi- 
nitely, or  merely  cease  to  grow  from  the  failure  of  □ourishment,  or 
some  other  extrinsic  cause.  Tbe  moot  common  and  moat  regular 
cases  of  determinate  inflorescence  occur  in  oppodte-leaved  plants, 
for  obvious  reasons ;  and  such  are  accordingly  chosen  for  tbe  sub- 
joined illustrations.  But  the  Rose,  Potentilla,  and  Buttercup  fof- 
nUb  familiar  examples  of  the  kind  in  alternate -leaved  plants. 


403.  The  determinate  modetof  inflorescence  assumes  fomiB 
which  closely  imitate  the  various  forms  of  the  indeterminate  kind, 
already  described,  with  which  they  have  been  confounded,  and 
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«B  Ibil  sccoimt  have  failed  to  recefre  diatinotive  names.  When, 
for  ezample,  all  the  tecondaiy  axes  conDecled  with  the  infloree- 
cence  are  orreated  by  tentiinal  Sowers  without  aay 
onwaid  growth  eicept  what  forms  their  footstalks  or  , 
pedicels,  and  these  an  nearly  equal  in  length,  a  ra- 
ceme-like inflorescence  is  produced,  as  in  Fig.  35S. 
When  the  flowers  are  developed  in  this  way,  with 
•eaicely  any  pedicels,  the  spike  is  imitated.  These 
ore  essentially  distinguished  from  the  true  raceme  and 
sjuke,  however,  by  the  reverse  order  of  development 
of  the  blossoms  ;  the  terminal  and  then  the  upper  ones 
opeoiog  earliest,  and  the  others  expanding  in  succes* 
sion  from  above  downwards ;  while  the  hlossomlng  of 
the  raceme  proceeds  from  below  upwftrds.  Or  i^hen,  i 
by  the  elongation  of  the  lower  secondary  azesi  a  cor- 
ymb is  imitated,  the  fkiwera  are  found  to  expand  in 
■occesuon  from  the  centre  towards  the  circumference  of  the  flat- 
topped  cluster,  while  the  contrary  occurs  in  the  corymb.  That  is, 
wUle  the  order  in  indeterminate  inflorescence  is  centripetal  X3S7], 
that  of  the  determinate  mode  is  centrifugal.  When  the  determi- 
nate inflorescence  assumes  the  corymbose  form,  which  it  more 
commonly  does,  it  has  a  distinctive  name,  viz. :  — 

403.  The  (jjmt.  This  is  a  flat-topped,  rounded  or  expanded  in- 
florescence, whether  umple  or  compound,  of  the  determinate  class ; 
rfwlnch  those  of  the  Laurustinus,  Elder,  Dogwood,  and  Hydran- 
gea are  fully  developed  and  characteristic  examples.  More  com- 
monly it  is  from  the  upper  axils  alone  that  tbe  flower-bearing 
branches  successively  proceed,  as  indicated  in  Pig.  249-251.  In 
more  compound  and  compact  cymes  (Pig.  237),  such  as  those  of 
the  Laurustinus,  Dogwood,  &c.,  the  leaves  or  bracts  are  usually 
mioule,  rudimentary,  or  abortive,  and  all  the  numerous  flower-buds 
of  the  cluster  are  fully  fi»rmed  before  any  of  them  expand  ;  and 
dte  blossoming  then  runs  through  the  whole  cluster  in  a  short  time, 
commencing  in  the  centre  of  the  cyme,  and  then  in  the  centre  of 
sack  of  its  branches,  or  Cthules,  and  thence  proceeding  centrifu- 
plly.  But  in  the  Chickweeds  (Fig.  253),  in  Hypericum,  and 
many  aucb  like  plants,  tbe  successive  production  of  the  branches 
ud  the  evolution  of  the  flowers,  beginning  with  that  which  ar- 
Ksts  the  growth  of  the  primary  axis,  go  on  gradually  through  the 
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vbole  Bumroer,  until  the  powers  of  the  plant  ue  ezhansted,  m 
until  all  the  bnnchlets  or  peduoclea  wm  reduced  to  un^e  inter- 
nodes,  or  pedicels  without  any  leaves,  bracla,  or  bractlets,  when  no 
further  development  can  take  place.  Such  cases  enable  us  to 
study  the  determioate  inflorescence  to  ad?aatage,  and  to  follow  the 
successive  steps  of  the  raniificati<«i  by  direct  observation. 


404.  The  Fudele  is  a  densely  crowded  cyme,  with  the  flowen 
almost  sessile,  or  on  short  peduncles  of  nearly  equal  length ;  as  ia 
the  Sweet  William. 

405.  i  Glomernle  is  a  cyme  condensed  mto  a  head  or  short  spike. 
It  is  to  the  cyme  what  the  capitulum  is  to  the  corymb  or  umbel. 

406.  There  are  several  abnormal  modifications  of  inflorescence, 
especially  of  the  determinate^  or  centrifugal  kind,  arising  from  ir- 
tegular  development,  or  the  suppression  of  parts,  such  as  the  non- 
appearance sometimes  of  the  central  flower,  or  often  of  one  of  tbs 
lateral  branches  at  each  division  j  as  in  the  ultimate  rsraificatiooi 
of  Fig.  253,  where  one  of  the  lateral  pedicels  is  wanting.  Wbeo 
this  deviation  ia  completely  carried  out,  that  is,  when  one  of  the 
ude  branches  regularly  fails  to  appear,  the  cyme  is  apparently 
converted  into  a  kind  of  one-sided  raceme,  and  the  flowera  seem 
to  expand  from  below  upwards,  or  cen^petally.  The  diagram, 
Fig.  254,  when  compared  with  Fig,  253,  explains  this  anomaly. 
The  place  of  the  axillary  branch  which  &ils  to  develope  at  each 
ramiflcation  is  indicated  by  the  dotted  lines.  Coses  like  this  occur 
in  several  Hypericums,  and  in  some  other  opposite-leaved  plants. 
An  analogous  case  occurs  in  man|r  alternate-leaved  plants ;  where 
the  stem,  being  terminated  by  a  flower,  is  continued  by  a  branch 
from  the  axil  of  the  uppennost  leaf  or  bract :  this,  bearing  a  flow- 
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er.  is  nmilsHy  prolonged  by  k  •ecbildaiy  branch,  that  by  &  tUrd, 
and  M  oa ;  aa  ia  sbown  in  the 
d»ftam.  Fig.  2S5.  Such 
Jmtdi  of  mfloreacence,  which 
n  may  observe  in  DroseTa, 
and  in  most  Seduma  and  Bo- 
ngiiiacete,  imitate  the  raceroe 
BO  neariy,  that  they  have  com- 
monly been  conaiderad  as  of 
Huit  kind.  They  are  distia- 
gui^ble,  however,  by  the 
poiitioa  of  the  flowers  opporite 
ibe  leaf  or  bract,  or  at  least 
oat  of  its  axil ;  while  in  the  raceme,  and  in  every  modification  of 
centripetal  inflorescence,  the  flowers  necessarily  spring  from  the 
axils  of  the  bracts.  But  if  the  bracta  disappear,  aa  they  commonly 
do  in  the  Forget-me-not,  &c.,  the  tnie  nature  of  the  inflorescence 
ii  not  readily  made  out.  The  undeveloped  summit  is  usually 
coiled  in  a  spiral  or  cirei»ate  (257)  maaner,  gradually  unrolling 
as  the  flowera  grow  and  expand,  and  becoming  straight  in  fruit 
On  account  of  this  coiled  arrangement,  such  cymes  or  false  ia> 
cemes  are  said  to  be  iulieoid,  or  leorpioid. 

407.  TTie  cyme,  raceme,  head,  &c.,  aa  weU  as  the  one-flowered 
peduncle,  may  be  produced,  either  at  the  extremity  of  the  stem  or 
iealy  braocb  (terminal),  or  in  the  axil  of  the  leaves  (ainllary). 
The  ease  of  a  peduncle  opposite  a  leaf,  as  in  the  Poke  (see  Old. 
Phytolaocaces),  the  Grape-vine,  &c.,  is  just  that  iUuatrated  in  Fig. 
!U6,  except  that  in  these  cases  the  peduncles  hear  a  cluster  of  flow- 
en  instead  of  a  single  one.  The  tendrils  of  the  vine  (Pig-  134) 
occupy  the  same  position,  and  are  of  the  same  nature,  so  that  they 
are  not  incorrectly  said  to  be  sterile  and  modified  peduncles.  In 
a  glowing  Grape-vine,  it  is  evident  that  the  uppermost  tendri] 
really  terminates  the  stem ;  and  that  the  latter  is  continued  by  the 
growth  of  the  axillary  bud,  situated  between  the  petiole  and  the 
peduDcle;  the  branch  thus  formed,  assuming  the  same  directioa 
ai  the  main  stem,  and  appearing  to  be  its  prolongation,  throws  the 
peduncle  or  tendril  to  the  side  opposite  the  leaf. 

406.  The  txtra-axUlmy  peduncles  of  most  species  of  Solanum 
are  to  be  similariy  exphtined.    They  are  raally  terminal  pedun- 
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cIm,  which  have  become  lateral  by  the  evolutioa  of  a  branch  from 
an  axil  below,  which  takes  the  direction  of  the  main  stem,  so  as 
to  fonn  an  apparent  oondouatioa  of  it.  ThiB  has  been  explained 
on  the  supposition  of  the  coheaioa  of  the  base  of  an  axillary  pe- 
duncle with  the  stem  ;  which  could  well  apply  only  to  those  caaw 
where  the  peduncle  is  in  the  same  vertical  line  as  the  leaf  beneath. 
Such  peduncles  may  sometimes  come  from  extra-axillary  acces- 
sory buds,  such  as  those  shown  in  Fig.  133. 

409.  In  the  Linden  (see  Ord.  Tiliaceie)  the  peduncle  appears  to 
spring  from  the  middle  of  a  peculiar  foliaceous  bract  But  this  is 
rather  a  bractlet,  inserted  on  the  middle  of  the  peduncle,  and  de- 
current  down  to  its  base,  just  as  many  leaves  are  decurrent  on  the 
stem  (298)  in  Thistles,  &c. 

410.  A  peduncle  which  arises  from  the  steni  at  or  beneath  the 
surface  of  the  ground,  as  in  the  Primrose,  the  Daisy,  the  so-called 
stemlesB  Violets,  &c.,  is  called  a  radical  peduncle,  or  a  Scats. 

411.  A  combination  of  the  two  classes  of  inflorescence  is  not 
unusual,  the  general  axis  developing  in  one  way,  but  the  separate  ■ 
clusters  of  flowers  in  the  other.  Thus  the  beads  of  all  the  Com- 
positfB  (such  as  Thistles,  Asters,  &c.)  are  eentripetat,  the  flowers 
expanding  regularly  from  the  margin  or  circumference  to  the  cen* 
tre ;  while  the  branches  that  bear  the  heads  are  developed  in  the 
centrifiigal  mode,  the  central  heads  first  coming  into  flower. 

412.  This  is  exactly  reversed  in  all  Labiatm  (plants  of  the  Mint 
tribe) ;  where  the  stem  grows  on  indefinitely  in  the  centripetal 
mode,  bearing  axillary  clusters  of  flowers  in  the  form  of  a  general 
raceme  or  spike,  which  blossoms  from  below  upwards ;  while  the 
flowers  of  each  cluster  form  a  cyme,  and  expand  in  the  centrifugd 
manner.  These  cymes,  or  cymaiet,  of  Labiate  are  usually  close 
and  compact,  and  being  mtuated  one  in  each  axil  of  the  opposite 
leaves,  the  two  together  frequently  form  a  cluster  which  surrounds 
the  stem,  like  a  whorl  or  verticil  (as  in  the  Catnip  and  Horehouod) : 
hence  such  flowers  ara  often  said  to  be  lehoried  or  verticUlaU, 
which  is  not  really  the  case,  as  they  evidently  all  spring  from  the 
axils  of  the  two  leaves.  The  apparent  verticil  of  this  kind  is  some- 
tiroes  termed  s  VBSTiciLiasTEK. 

41S.  True  whorled  flowers  occur  only  in  some  plants  irith 
whoried  leaves,  as  in  Hippuris  and  the  Water  Milfoil. 
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CHAPTER    IX. 

of  the  floweb. 
Sect.  L    Its  Oeqins,  or  Cohfoneht  Parts. 

414.  Hatirs  glanced  at  the  circutnstaaces  which  attend  and 
control  the  production  of  flowers,  and  considered  the  laws  which 
gorem  their  arrangement,  we  have  next  to  inquire  what  the  flower 
is  composed  of. 

415.  Tht  Flower  (110,  111)  assumes  an  endless  rariety  of  forms 
in  difiereut  species,  ho  that  it  is  very  difficult  properly  to  define  it. 
lie  name  was  earliest  applied,  as  it  is  still  in  popular  language 
generally  applied,  to  the  delicate  and  gayly  colored  leaves  or  petals, 
30  dilTerent  from  the  sober  green  of  the  foliage.  But  the  petals, 
ud  all  these  hright  hues,  are  entirely  wanting  in  many  flowers, 
«hile  ordinary  leaves  sometimes  assume  the  brilliant  coloring  of 
the  blossom.  The  stamens  and  pistils  are  the  characteristic  or- 
gaiu  of  the  flower ;  but  sometimes  one  or  the 

other  of  these  disappear  from  a  particular  flow-  *** 

er,  and  both  ore  absent  from  full  double  Roses, 
Cnmellias,  &c.,  in  which  we  have  only  a  regu- 
lar nmette  of  delicate  leaves.  This,  however, 
ia  an  unnatuial  state,  the  consequence  of  pro- 
tracted cultivation. 

416.  A  compUlefioieer  consists  of  the  essen- 
tial o^^s  of  reproduction  (viz.  stamens  and 
piMils,  110),  surrounded  by  two  sets  of  leaves 
or  envelopes  which  protect  them.  (Fig.  256.) 
The  latter  are  of  course  exterior  or  loicer  than 
the  former,  which  in  the  bud  they  inclose. 

417.  TIh  Floral  EnTClopei,  then,  are  of  two 
»na,  and  occupy  two  circles,  one  above  «■  ^ 
widiin  the  other.    Those  of  the  lower  circle, 

ihe  exterior  envelope  in  the  flower>bud,  form  the  Caltz  :  they  com- 

ttUKt.  TbaoniplmflainrafiCnMali.  aST.  DIsgiioi  of  lu  envisctlan  In  ib«  bud, 
ikwiBiitBiidiLJn  pMlilonof  lu  puu.  Tbg  fln  pl*eMo(  iba  •xurhif  clrcla  m  aauhnH  of 
Ikngpili;  lbs  nan,  dfth*  pMili;  the  ihJrd,  of  tha  lUmgiu  Umrogh  tbalruuhan;  ttw  luwf 
«m,  of  ita  tn  ttmllt. 


,y  Google 


S8S  TBB  nowiB. 

monly  exhibit  the  green  color  and  have  much  the  appearance  of 
'  onlinar3r  leaves.  Tboseof  the  inner  cir- 
'  ole,  which  are  commonly  of  a  more  deli* 
cate  texture  and  brighter  color,  and  form 
the  moat  showy  part  of  the  bloesoin, 
.compose  the  Coeolla.  The  several 
parts  or  leaves  of  the  corolla  are  called 
Petals  :  and  the  leaves  of  the  calyx 
take  the  corresponding  name  of  Sefais. 
One  of  the  five  sepals  of  the  flower  rep- 
resented in  Fig.  356  is  separately  shown  in  Fig.  25S  ;  and  one  of 
t^  petals  in  Pig.  259.  The  calyx  and  corolla  taken  together,  or 
the  whole  floral  envelopes,  whatever  they  may  consist  of,  aie 
sometimes  called  the  Perianth  {Perianthium  or  Perigonivm). 

418.  The  Essential  Organs  of  the  flower  are  likewise  of  two  kinds, 
and  occupy  two  circles  or  rows,  one  within  tbe  other.  The  fiist  of 
these,  those  next  within  the  petals,  are  the  Stamems  (Fig.  360). 
A  stamen  consists  of  a  column  or  stalk,  called  the  Filapumt  (Fig. 
262,  a),  which  bears  on  its  summit  a  rounded 

body,  or  case,  termed  the  Anthee  (b),  fitted 
with  a  powdery  substance  called  Pollen,  which 
it  discharges  through  one  or  more  slits  or  open- 
ings. The  older  botanists  had  no  general  term 
for  the  stamens  taken  collectively,  analogous  to 
that  of  corolla  for  the  entire  whorl  of  petals, 
and  of  calyx  for  the  whorl  of  sepals.  A  name 
has,  however,  recently  been  proposed  for  the 
itaminate  tyttem  of  a  flower,  which  it  is  occasionally  convenient  to 
use;  that  of  Andb(eciuh. 

419.  The  remaining,  or  seed-bearing  organs,  which  occupy  the 
centre  or  summit  of  Ihe  flower,  to  whose  protection  and  per- 
fection all  the  other  parts  of  the  flower  are  in  some  way  subser 
vient,  are  termed  the  Pistils.  To  them  collectively  the  name  of 
GTiffcinm  has  been  applied.  One  of  them  is  separately  shown  in 
Fig.  261.  This  is  seen  more  magnified  and  cut  across  in  Fig. 
263 ;  and  a  different  one,  longitudinally  divided,  so  as  to  exhibit 
the  whole  length  of  its  cavity,  or  cell,  a  represented  in  Fig.  264 

FIG.  2jB.    AHp(nUH[)itiase,>pMal;9S0,Bn«nBai  ud  361,  >  pUtll  tram  HwOow 
or  Fl(.  3K. 
FIO.  263.    AiUii«,w1UiUhu1)ui(& 
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430.  A  pistil  IB  distinguished  into  three  parts-,   namely,  ibe 
OvAKT  (Fig.  264,'  a),  the 
>f         '    hollow  portion  at  the  haso 
if  which  contains  the  Otules, 

Is or  bodies  destined  to  be- 

^  ^-—T^k  come  seeds;  the  STTLB(i), 

\  ^^g         *    or  columnar  prolongation 
^^SV  of  the  apex  of  the  o«a- 

^^  ly;  and  the  Stioha  (c),  a 

^  portion  of  the  surface  of 

the  style  denuded  of  epi- 
dermis ;  sometimes  a  mere  point  or  a  small  knob 
at  the  apex  of  the  style,  but  often  forming  a  sin- 
gle or  double  line  running  down  a  part  of  its  in- 
ner face,  and  assuming  a  great  divereit^  of  ap- 
pearance in  difierent  plants. 

421.  All  the  oi^jans  of  the  flower  are  ntuated 
oOt  or  grow  out  of,  the  apex  of  the  flowe^stalk, 
into  which  they  are  sud,  in  botanical  language, 

to  be  inserted,  and  which  is  called  the  Toavs,  or  Rbcb?TACLB. 
This  is  the  axis  of  the  flower,  to  which  the  floral  organs  are  at- 
tached (just  as  leaves  are  to  the  stem)  ;  the  calyx  at  its  very  base  ; 
the  petals  just  within  or  above  the  calyx ;  the  stamens  just  within 
the  petals ;  and  the  pistils  within  or  above  the  stamens. 

422.  Such  is  the  structure  of  a  complete  and  regular  flower;- 
which  we  take  as  the  type,  or  standard  of  comparison.  The  calyx 
and  corolla  are  termed  proteetiHg  orgtau.  In  the  bud,  they  en- 
velope the  other  parts :  the  calyx  sometimes  forms  a  covering 
even  for  the  fruit ;  and  when  it  retains  its  leaf-like  texture  and 
color,  it  assimilates  the  sap  of  the  plant  with  the  evolution  of 
oxygen  gas,  in  the  same  manner  as  do  true  leaves :  the  corolla 
elaborates  honey  or  other  secrelions,  for  the  nourishment,  as  is 
supposed,  of  the  stamens  and  pistils.  Neither  the  ealyx  nor  co- 
rolla is  essential  to  a  flower,  one  or  both  being  not  nnfrequentiy 
wanting.    The  stamens  and  pistils  are,  however,  eemntial  orgtau. 

Fro.  as3.  A  pljtU  or  OunU,  Ilka  Uwt  of  Fl;.  IKI,  bat  nun  mHoIlM,  uid  em  aaom 
thnn^h  Uie  ovtrj,  to  fihoi*  \^M  ull,  ud  Lbs  otuIm  ii  cootalu-  Al  tha  minmU  ot  Iba  n^la  \a 
•■«  ■  mmwliat  pipllliiM  ponlon,  dsnlluM  o(  tpldtnnli,  anendiiig  >  UlUe  mj  dawn  Iba  In- 
nr  be< :  UDi  If  Ihs  •llfu 

PIO.  264.    Vertlol  wllod  at  i 
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since  both  ue  neoeanrjr  to  ibe  piodiictioD  of  seed.  But  eren 
these  Kre  not  always  both  ppssent  in  the  very  ssme  flower ;  u  will 
be  seen  when  we  come  to  notice  Hoe  diverse  forms  which  the  blos- 
som oasumes,  and  to  compare  them  with  our  pattern  flower. 

Sbct.  n.     Thb  Theobetical  Stbucthkb  oe  Gbnbrai.  Moi- 

rHOLOSY   07  THE  FlOWER. 

423.  To  obtain  at  the  outset  a  correct  idea  of  the  flower,  it  it 
needful  here  to  consider  the  relation  which  its  organs  sustain  to 
the  organs  of  vegetatiffli.  Taking  the  blossom  as  a  whole,  we 
have  recognized,  in  the  chapter  on  Inflorescence  (377),  the  iden- 
tity of  flower-buda  and  leaf-buds  as  to  situation,  &c.  Flowers, 
consequently,  are  at  least  analogous  to  branches,  and  the  leaves 
of  the  flower  to  ordinary  leaves. 

424.  But  the  question  which  now  arises  is,  whether  the  leaves 
of  the  stem  and  the  leaves  and  the  more  peculiar  organs  of  the 
flower  are  not  homologtnu  parts,  that  is,  parts  of  the  same  funda- 
mental nature,  although  developed  in  difierent  shapes  that  they 
may  subserve  diSerent  offices  in  the  vegetable  economy ;  —just  ss 
the  arm  of  man,  the  fore-leg  of  quadrupeds,  the  wing-like  fore-l^ 
of  the  bat,  the  true  wing  of  birds,  and  even  the  pectoral  fin  of 
fishes,  ail  represent  one  and  the  same  organ,  although  devekqied 
under  widely  difierent  forms  and  subservient  to  more  or  less  dif- 
ferent ends.  The  plant  continues  for  a  considerable  time  to  pro- 
duce buds  which  develope  into  branches.  At  length  it  produces 
buds  which  expand  into  blossoms,  la  there  an  entirely  new  sys- 
tem introduced  when  flowen  appear  t  Are  the  blossoms  formed 
upon  such  a  difierent  plan,  that  the  general  laws  of  vegetation, 
which  have  sufficed  for  the  interpretation  of  all  the  phenomena  up 
to  the  inflorescence,  are  to  afibrd  no  further  clew  ?  Or,  on  the 
contrary,  now  that  peculiar  results  are  to  be  attained,  are  the  «ni- 
ple  and  plastic  o^;ana  of  vegetation: — the  stem  and  leaves— de- 
veloped in  new  and  peculiar  forms  for  the  accomplishment  of  tbess 
new  ends?  The  latter,  doubtless,  is  the  correct  view.  The  plant 
does  not  produce  essentially  new  kinds  of  organs  to  fulfil  the  new 
conditions,  but  adopts  and  adapts  the  old.  Notwith stand  iog  these 
new  conditions  and  the  successively  increasing  difi*ercnce  in  ap- 
pearance, the  fundamental  laws  of  vegetation  may  be  traced  from 
the  leafy  branch  into  and  through  the  flower. 
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429.  In  vegelatioD  no  new  oi^its  aie  introdaced  to  fulfil  any 
particulBr  condition,  but  the  common  elements,  the  root,  stem,  and 
leaves,  are  developed  in  peculiar  and  fitting  forma  to  subserve 
each  special  purpose.  Thus,  the  same  oi^a  which  constitutes 
the  stem  of  an  herb,  or  the  Iruok  of  a  tree,  we  reci^ize  in  the 
tiailing  vine,  or  the  twiner,  apiially  climbing  other  stems,  in  the 
straw  of  Wheat  and  other  GrasBes,  in  the  columnar  trunk  of  the 
Palm,  in  the  flattened  and  jointed  Opuntia,  or  Prickl3r  Fear,  and  in 
the  rounded,  lump-like  body  of  the  Me)(Mi -Cactus.  So,  alsd, 
branches  harden  into  spines  in  the  Thom,  or,  by  an  opposite 
change,  become  flexible  and  attenuated  tendrils  in  the  Vine,  and 
runners  in  the  Strawberry;  or,  when  developed  under  ground, 
tbey  asBume  the  aspect  of  creeping  roots,  and  sometimes  *  form 
thickened  rootstolks,  as  in  the  Calamus,  or  tubers,  as  in  the  Po- 
tato. But  the  type  is  readily  seen  through  these  disguises.  They 
are  all  mere  modifications  of  the  stem.  The  leaves,  as  we  have 
already  seen,  appear  under  a  still  greater  variety  of  forms,  some 
of  them  as  widely  different  from  the  common  type  of  foliage  as 
can  be  imagined ;  such,  for  example,  as  the  thickened  and  obese 
leaves  of  the  Mesembryanthemums  ;  the  intense  scarlet  or  crimson 
floral  leaves  of  the  Euchroma,  or  Painted  Cup,  of  the  Poinsetia 
of  our  conservatories,  and  of  several  Mexican  Sages;  the  tendrils 
of  the  Pea  tribe ;  the  pitchers  of  Sarracenia  (Fig.  223),  and  also 
those  of  Nepenthes  (Pig.  225),  which  are  leaf,  tendril,  and  pitcher 
combined.  The  leaves  alSo  appear  under  very  different  aspects 
in  the  same  individual  plant,  accordicg  to  the  purposes  ibey 
are  intended  to  subserve.  The  first  pair  of  leaves,  or  cotyle- 
dons,  when  gorged  with  nutritive  matter  for  the  supply  of  the  ear- 
liest wants  of  the  embryo  plant,  as  m  the  Bean  and  Almond  (Fig. 
97),  would  seem  to  be  peculiar  organs.  But  when  they  have  dis- 
charged this  special  office  in  germination,  by  yielding  to  the  young 
plant  the  store  of  nourishment  with  which  they  are  laden,  tbey 
throw  off  their  disguise,  and  assume,  with  more  or  less  distinct- 
ness, the  color  and  appearance  of  ordinary  foliage ;  while  in  other 
cases,  as  in  the  Convolvulus,  &.C.,  they  are  green  and  foliaceous 
from  the  first  As  the  stem  elongates,  the  successive  leaves  vary 
in  form  or  size,  according  to  the  varying  vigor  of  vegetation.  In 
our  trees,  we  trace  the  last  leaves  of  the  season  into  bud-scales ; 
and  in  the  returning  spring  we  may  often  observe  the  innermost 
scales  of  the  expanding  leaf-buds  to  resume,  the  first  perhaps  im- 


,y  Google 


perfectly,  but  the  ensuing  ones  succeasfully,  the  Rppearance  and 
the  ordinary  office  of  leaves  (146). 

426.  The  analogies  of  vegelatioa  would  therefore  suggest,  that, 
in  floweriogt  die  leaves,  no  longer  developing  as  mere  foliage,  are 
now  wrought  into  new  forms,  to  subserve  peculiar  purposes.  In 
the  chapter  on  Inflorescence,  we  have  already  shown  that  the  ar- 
langement  and  situation  of  flowers  upon  the  stem  conform  to  this 
idea.  In  this  respect,  flowers  are  atraolutely  like  branches.  Tbe 
aspect  of  the  flomi  envelopes  lavors  the  same  visw.  We  discern 
die_  typical  element,  the  leaf,  in  the  calyx ;  and  again,  more  deli- 
cate and  refined,  in  the  petals.  la  numberless  instances,  we  ob- 
serve a  regular  traosition  from  oidinary  leaves  into  sepals,  and 
from  sepals  into  petals.    And,  while  the  petals  are  occasionally 


green  and  herbaceous,  the  undoubted  foliage  sometimes  assumes  a 

PIG.  2Se.  Opm  Aamr.  wilb  ■  Hawaboi  uid  l<^  of  Ihs  Whiu  Wuu-LIIt  (Nnnpbaa 
Bdonu) ;  Uh  inoK  psuls  pAHlnf  Into  fUnHU.  MS-  A  flower  vilh  mJI  thd  puti  unud  tba 
pfdU  cm  ■mjr  ocvpt  do*  oT  the  peuJold  itoinflDa,  v»  inUniHdlus,  md  one  proper  ftuDeH' 
9B7.  An  loner  pgul,  with  thslmparToctnidimBpUor to  uilhariltbgllp.    EE8.  Tnunsna ■M' 
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delicate  textore  snd  the  brightest  hues  (435).  The  perfect  gnda- 
ticHi  of  leaTes  or  bracts  into  sepals  is  extremely  commoD.  The 
Iransitioii  of  sepals  into  petals  is  exemplified  in  almost  every  case 
where  there  are  more  than  two  rows  of  floral  envelopes ;  as  in  the 
Magnolia,  and  especially  in  the  White  Water-Lily,  the  IHicium,  or 
Star  Anise  of  the  Southern  States,  and  the  Calycanthus,  or  Caro- 
lina Altepice,  which  present  several  series  of  floral  envelopes,  all 
nearly  alike  in  color,  texture,  and  shape ;  but  how  many  of  the 
innermost  are  to  be  called  petals,  and  how  the  remainder  are  to  be 
dividefl  between  sepals  and  bracts,  is  entirely  a  matter  of  arbitrary 
opinion.  In  fact,  the  only  real  difierence  between  the  calyx  and 
corolla  is,  that  the  former  is  the  outer,  and  the  latter  sn  inner 
series  of  floral  envelopes.  Sometimes  the  gradation  extends  one 
step  faitiier,  and  exhibits  an  evident  transition  of  petals  into  sta- 
mens; showing  that  these  are  of  the  same  fundamental  nature  as 
the  floml  envelopes,  which  are  manifestly  traceable  back  to  leaves. 
The  White  Water-Lily  (Fig.  265}  exhibits  this  latter  transition,  as 
evidently  as  that  of  sepals  into  petals.  Here  the  petals  occupy 
several  ^vhorls,  and,  while  the  exterior  are  neariy  undistinguishable 
fn»n  the  calyx,  the  Inner  are  reduced  into  organs  which  are  neither 
well-formed  petals  nor  alamena,  but  intermediate  between  the  two. 
They  are  merely  petals  of  a  smaller  size,  with  their  summits  con- 
tracted uid  transformed  into  imperfect  anthers,  containing  a  few 
grains  of  pollen :  those  of  the  series  next  within  are  more  reduced 
in  size,  and  bear  perfect  anthers  at  the  apex ;  and  a  still  further 
reduction  of  the  lower  part  of  the  petal  completes  the  transition 
into  stamens  of  ordinary  appearance. 

I-  &7,  Transitions,  or  intermediate  states,  between  petals  and  sta- 
mens occur  in  numerous  cases.  These  two  are  not  only  adjacent 
o^ans,  but  they  appear  to  have  very  intimate  relations,  to  which 
we  may  allude  in  another  place.  But  similar  transitions  between 
such  specialized,  and  as  it  were  antagonistic,  organs  as  the  stamens 
and  the  pistils  would  not  be  expected  normally  to  occur;  nor  is 
there  any  such  regular  instance  known.  Yet  they  are  not  unfre- 
quently  met  with  in  motutroiu  blossoms,  as.  occasionally  in  the 
Oriental  Poppy  in  gardens,  in  the  Honseleek,  and  in  certain  Wil- 
lows.*  These  are  monsters  it  is  true  ;  but  the  study  of  monstrosi- 
ties often  throws  much  light  upon  the  regular  structure. 

*  Tlwi  tiro  Apple-treea  in  AshboiuhMD,  MuuchaMtti,  snonsUf  prodocs 
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438.  The  regular  transfonnatioQ,  or  metamoTTthont  (if  i»e  may 
use  that  aomewbat  Binbigoous  term),  takes  on  upward  coarae,  from 
leaTea  inlo  sepals,  from  aepala  into  petals.  Bud  from  the  latter  into 
stamens,  or  even  into  pistils.  We  trace  the  ^ical  lesf  forward 
into  the  floral  enrelopes,  and  thence  into  the  essential  oi^;aiM  of  the 
blossom.  Now  if  these  organs  be,  as  it  were,  Isares  developed  in 
peculiar  states,  under  the  controlling  agency  of  a  power  which  has 
oveilwme  the  ordinary  forces  of  vegetation,  they  most  always  hare 
a  tendency  to  develope  in  their  primitiTe  form,  when  the  caoaes 
that  govern  the  production  of  blossoms  are  interfered  with  during 
their  formation.  They  may  then  reverse  the  ^U,  and  revert  into 
some  oi^an  below  them  in  the  Beiies,  aa  from  stamens  into  petab, 
or  pass  at  once  into  the  stale  of  ordinary  leaves.  That  is,  organs 
which  from  their  position  should  be  stamens  or  pistila  may  develope 
as  petals  pr  floral  leaves,  or  in  the  form  of  ordinary  leaves.  Such 
cases  of  retrograde  vutamorphoti$  frequently  occur  in  cultivaied 
flowers,  and  occasionally  in  some  spontaneous  plants. 

439.  Thus  we  meet  with  the  actual  reconvertion  of  what  should 
^  ^  be  a  piatit  into  a  leaf  very  frequently  in  the 

double  garden  Cherry,  either  completely 
(Pig.  269),  or  else  incompletely,  so  that  dw 
resulting  oi^d  (as  in  Pig.  270)  is  something 
intermediate  between  the  two.  The  change 
of  aihat  should  be  ttameiu  into  petals  is  of 
common  occurrence  in  whet  are  called  double 
and  semi-douhle  flowers  of  the  gardens ;  as 
in  Roses,  Camellias,  Carnations,  &c.  When 
such  flowers  have  many  stamens,  these  disap- 
pear as  the  supemumeraiy  petals  iocreass  in 
number ;  and  the  various  bodies  that  may  be 
often  observed,  intermediate  between  perfect 
stamens  (if  any  remain)  and  the  outer  row  of  petals,  —  from  im- 
perfect petals  with  a  small  lamina  tapering  into  a  slender  stalk,  to 

flower*  in  wblch  the  petals  sre  nplaeed  bj  fire  imall  foliacMos  bodies,  like  tlw 
■epsls,  and  in  place  of  118111001  ilwre  an  tea  i«parai«  and  accestory  pistil*,  is- 
Mrted  on  the  throst  of  the  caljx.  For  an  acccnnt  of  tlii*  case,  and  for  ■  good 
■nite  of  ipednieii*,  I  am  indebted  to  Dr.  £.  Leigh,  of  Tomuend,  Uau. 

FIO.  %9.    Aimll  t«f  In  pteeaof  ■pin)irmnU»c«i[nof  ■OmrarafitwilauMCInaT' 
Sra.  Aaornn  hneimedlu*  bgmenil«l'*od  ipliUl,  rrooi  ■•tmlkrlknnc. 
FIO.  Sri.    IjmSai  ut  ■  BtToptaTlhini,  imioiiat  bodi  tloat  lu  mwftai. 
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then  which  bear  a  small  distorted  lamina  on  one  side  and  a  half* 
foimed  anther  on  the  other,  —  plainly  rareal  the  nature  of  the 
tiusfonnation  that  bas  taken  place.  The  garden  Columbine  of\en 
■flords  beautiful  illustrations  of  this  kind.  Carried  a  step  farther, 
die  pistils  likewise  disappear,  to  be  replaced  by  a  rosette  of  petals, 
u  in  double  Buttercups.  This  increase  in  the  number  of  the 
petals  of  double  flowers  is  not  altogether  at  the  expense  of  the  Bta- 
nwDi  and  pisilla.  In  such  cases  the  petals  themselves  are  prone  to 
dimble,  or  to  multiply  in  number. 

430.  In  full  double  Buttercups  we  may  often  notice  a  tendency 
of  the  rosette  of  petals  to 

tam  green,  or  to  retro- 
grade still  farther  into  foli- 
■ceous  organs.  And  there 
it  a  monstrous  stale  of  the 
Strawberry  blossom,  well 
koowQ  in  Eurc^,  in  which 
■II  the  floial  organs  re- 
nit  into  green  sepals,  or 
imperfect  leaves.  The 
umeied  illustration  (Fig. 
272)  exhibits  a  similar  ret- 
rograde metamorphosis  in 
%  flower  of  the  While 
Qover,  where  the  calyx, 
pistil,  6ic.  are  still  recog- 
siiable,  although  partially 
Innsformed   into   leaves. 

We  may  observe  that  the  ovary,  which  has  opened  down  one  ride, 
bears  on  each  edge  a  number  of  small  and  imperfect  leaves;  much 
K  the  ordinary  leaves,  or  rather  leaflets,  of  Bryophytlum  are  apt 
to  develope  rudimentary  tufts  of  leaves,  or  buds,  on  their  margins 
[Fig.  371),  which  soon  grow  into  little  plantlets.  This  reversion 
of  ■  whole  blossom  into  foliaceous  parts  has  been  termed  chlorant, 
from  the  green  color  thus  assumed. 

431.  Somewhat  difierent  is  the  retrograde  metamorphosis  which 
i>  occasionally  seen  in  the  production  of  a  leafy  hraneh  from  the 
tttre  tf  ajhteer,  or  ofoneJUwer  out  of  the  centre  of  another  (as 
rMe<buds  out  of  roses}.     Mere  the  receptacle,  or  axis  of  the 

m.  m    A  Ssmr  oT  lim  imbubd  WUm  Olortr  nntUdi  to  ■  luf/  tmoeh,  alUr  Tuiplii. 
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floTer,  reoumeB  the  ordinary  growth,  la  vegetatioit,  of  the  branck. 
This  more  commonly 
takes  place  afker  the 
forniation  of  the  flo- 
ral envelopes  and  sta- 
mens, but  before  the 
pistils  appear;  as  in 
Fig.  S73.  The  ap. 
peanmce  of  a  leafy 

branch  from  the  sum-  ' 

mit  of  ft  pear  (as  in 
Fig.  274)  is  similarly 
explained.  So,  like- 
wise, in  »ery  wet  and 
warm  Bpnngs,  some 

of  the  flower-buds  of  the  Pear  and  Apple  ara 
occasionally  forced  into  active  vegetative  growth, 
so  as  completely  to  break  up  the  flower,  and 
change  it  into  an  ordinary  leafy  branch. 
"*  43S.  In  such  cases  the  terminal  bud  goes  on 

to  grow,  —  contrary  to  the  normal  condition,  m  which  the  flower 
arresU  all  further  development  of  the  axis  that  bears  it.    An  anal- 
ogous monstrosity  sometimes  occurs,  in  which  axillary  buds  (148) 
are  developed  in  the  flower.     Its  organs  thus  exhibit  a  distinguish- 
ing characteristic  of  leaves,  viz.  the  prodttetion  of  budt  in  tMf 
axilt ;  which  develope  either  as  branches 
or  as  new  axes  at  once  terminated  by 
blossoms.    Flowers  have  thus  been  met 
with  in  the  axils  of  the  petals,  as  in  Fig. 
275,  and  sometimes  even  in  those  of  the 
stamens  or  pistils.     Monstrosities  of  this 
sort  are  common  in  the  Rose.    Of  the 
same  kind  are  meet  of  those  cases  in 
which  one  or  more  fruits,  such  as  ap-  *** 

pies  or  pears,  grow  out  of  another  fruit    We  have  met  with  flowen 

FIO.  373.    Rilmgnde  nMumarptanli  of  4  Bowh  of  lb*  FnurintlU  oriba  tmidBM,  tan 
Undbr'aThsoijor  Hartlculiun;  in  lultrnoili  dongued  Jiut  ituTi  ilu  nuaeiu,  iml  bHnDf 

■  Whofl  of  gnH  IHTH. 

PIO.  S74.    A  moiutRHU  pnr,  pnloqjgd  Into  >  \etlf  bimnch,  tmm  BonnH. 
FIO.  S!5.    A  Sower  of  tho  FtlH  BttunwHl  (Calmnu  ■undui),  (nduclDl  oIIhi  Am" 
In  (ba  udla  of  lb*  paiali,  fnni  Tiupla. 
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of  Qukia  elegans  which  bore  an  imperfect  blossom  in  the  axil  of 
each  petal. 

433.  The  irresistible  conclusion  fW>m  all  such  evidence  is,  that 
the  flower  is  one  of  the  forms  —  the  ultimate  form  —  under  which 
breaches  appear ;  that  the  leaves  of  the  stem,  the  leaves  or  petals 
of  the  flower,  and  even  the  stamens  and  pistils,  are  aU  forma  of  a 
common  type,  only  difiering  in  their  special  development  And  it 
may  be  added,  that  in  an  early  stage  of  development  they  all  ap- 
pear alike.  That  which,  under  the  ordinary  laws  of  vegetation, 
would  have  developed  as  a  leafy  branch,  does,  in  a  special  case 
and  according  to  some  regular  law,  finally  develope  as  a  flower; 
its  several  organs  appearing  under  forms,  some  of  them  slightly, 
and  others  extremely,  different  in  aspect  and  in  office  from  the  fo- 
liage. But  they  all  have  a  common  nature  and  a  common  origin, 
or,  in  other  words,  are  homologous  parts  (424). 

434.  Now,  as  we  have  no  general  name  to  comprehend  all 
Amo  organs  which,  as  leaves,  bud-scales,  bracts,  sepals,  petals, 
stamens,  &c.,  successively  spring  ftom  the  ascending  axis  or  stem, 
baring  ascertained  their  essential  identity,  we  naturally,  and  in- 
deed necessarily,  take  same  one  of  thero  as  the  type,  and  view  the 
ediers  as  modifications  or  metamorphoses  of  it  The  leaf  is  the 
fwm  which  earliest  appears,  and  is  the  most  general  of  all  the  or- 
gans of  the  vegetable ;  it  is  the  form  which  is  indispensable  to 
vegetaticHi  in  its  perfect  development,  in  which  it  plays,  as  we 
hare  seen,  the  most  important  part ;  it  is  the  form  into  which  all 
the  floral  organs  may  sometimes  be  traced  back  by  numerous  gra- 
dations, and  to  which  they  are  liable  to  revert  when  flowering  is 
disturbed  and  the  proper  vegetative  forces  again  prevail.  Hence 
the  leaf  may  be  properly  assumed  as  the  type  or  pattern,  to  which 
all  the  others  are  to  be  referred.  When,  therefore,  the  floral  or- 
gans are  called  modified  or  metamorpkoaed  leaves  (terms  which  we 
have  avoided  almost  entirely,  as  liable  to  convey  an  erroneous  im- 
pression), it  is  not  to  be  supposed  that  a  petal  has  ever  actually 
been  a  green  leaf,  and  has  subsequently  assumed  a  more  delicate 
texture  and  hue,  or  that  stamens  and  pistils  have  previously  existed 
in  ibe  state  of  foliage ;  but  only  that  what  is  fundamentally  one 
and  the  same  organ  developes,  in  the  progressive  evolution  of  the 
plant,  under  each  or  any  of  these  various  forms.  When  the  indi- 
ridual  organ  has  once  fairly  begun  to  develope,  its  destiny  is  fixed. 

435.  The  theory  of  vegetable  morphology  may  be  expressed  in 
other,  and  more  hypothetical  or  transcendental  forma.    We  hav« 
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preferre*!  lo  enuDcidte  it  in  the  simplest  Knd  most  general  ternu. 
But,  under  whaterer  particiilar  formula  espresaed,  its  adoption  hu 
not  onljr  greatly  amplified,  but  has  thrown  a  flood  of  ligfit  over  tba 
whole  of  Structural  Botany,  and  has  consequently  placed  the 
whole  logic  of  Systematic  Botany  upon  a  new  and  pbilos(^lucal 
basis.  Our  restricted  limits  will  not  allow  us  to  trace  its  historical 
developmeDt.  Suffice  it  to  say,  that  the  idea  of  tfae  essential  iden- 
tity of  the  floral  organs  and  the  leaves  was  distinctly  propounded 
by  Linnsus,*  about  the  middle  of  the  last  century.  It  was  newly 
taught  by  Caspar  Frederic  Wolff,  about  twenty  years  later,  and 
again,  after  the  lapse  of  nearly  twenty  years  more,  by  the  celebrat- 
ed Goethe,  who  was  enrirely  ignorant,  as  apparently  were  his  scien- 
tific contemporaries,  of  what  Linnsus  and  Wolff  bad  written  on  the 
subject.  Goethe*8  curious  and  really  sciendfic  treatise  was  as  com- 
pletely forgotten  or  overlooked  as  the  significant  hints  of  Linnffim 
had  been.  In  advance  of  the  science  of  the  day,  and  more  or  less 
encumbered  with  hypothetical  speculations,  none  of  these  wntings 
appeal  to  have  exerted  any  influence  over  the  prepress  of  tbe 
science,  until  it  had  reached  a  point,  early  in  the  present  century, 
when  tbe  nearly  simultaneous  generalizations  of  several  botanists, 
following  different  clews,  were  leading  to  the  same  conclusions. 
Ignorant  of  the  writings  of  Goethe  and  Wolff,  De  Candolle  was  tbe 
first  to  develope,  from  an  independent  and  ori^nal  point  of  view, 
tbe  idea  of  symmetry  in  the  flower ;  that  the  plan,  or  type,  of  die 
blossom  is  regular  and  symmetrical,  but  that  this  symmetry  is 
more  or  less  modified  or  di^uised  by  secondary  influences,  giving 
rise  to  various  deviations,  such  as  those  which  we  are  soon  to  con- 
sider. The  reason  of  the  prevailing  symmetrical  arrangement  of 
parts  in  the  blossom  has  only  recently  been  made  apparent,  in  tbe 
investigation  of  the  laws  of  phyltotaxis  (234) ;  from  which  it  ap- 
pears that  the  general  arrangement  of  the  leaves  upon  the  stem  is 
carried  out  into  the  flower.  ' 

Sect.  III.    The  Sthuetrt  of  the  Floweo. 

486.  i  SpunetrtCKl  Flower  is  one  which  bos  an  equal  number  of 
parts  in  each  circle  or  whorl  of  organs  ;  as,  for  example,  in  Fig. 
256,  where  there  are  five  sepals,  five  petals,  five  stamens,  and  five 

"  "PrincipiDm  jfonrni  et  Jblionna  idem  est  •  Frincipinm  gemmunin  «< 
MioTom  idem  Mt  Ocmma  conitat  foUonim  radimeiitii.  FerisnlhimB  ntes 
coonstit  fblionun  nnUfflentiB,"  etc.    PhSetopliia  Batauea,  p.  301. 
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pKtila.   Itis  not  less  symmetrical,  tdthough  leas  simple,  when  there 

tre  two  or  more  circles  of  the  Bomfi  kind  of  organ ;  aa  in  Sediun, 

vbeie  there  are  two  sets  of  stamens,  five  in  . 

each ;  in  the  Barberry,  where  ttiere  are  two  or  I 

more  sets  of  aepals,  two  of  petals,  and  two  of  K    J^ 

Hamena,  three  in  each  set,  &c    A  eomfdeU   * 

pUBtr  (aa  already  defined,  416)  is  one  that 

possesses  tioth  sorts  of  floral  envelopes,  calyx    j 

and  corolla,  and  both  essential  organa,  viz. 

Its  mens  and  pistils. 

437.  The  airaplest  possible  complete  and 
symmetrical  fiower  would  be  one  with  the  ca- 
lyx of  a  aingle  sepal,  a  corolla  of  a  single  petal, 
1  siDgle  stamen,  and  a  single  pistil ;  such  as  is 
represented  in  the  annexed  diagram,  in  coo- 
nection  with  the  two-ranked  arrangement  of 
tbaleaves  (Fig.276).  Eachconstitueatof  the 
bkesom  represents  a  phyton,  with  ils  stem  part 
reduced  to  a  minimum,  and  its  leaf  part  devel- 
oped in  a  peculiar  way,  according  to  the  rank 
it  lustains  and  the  office  it  is  to  fulfil.  That 
ibeie  are  short  ioteraodes  between  consecutive  . 
o^Ds  in  the  flower  b  usually  apparent  on  mi- 
nute inspectioo  of  ita  axia,  or  receptacle ;  and 
■orae  of  Ihem  are  conspicuously  prolonged  in 
certain  cases.  But  they  are  commonly  unde- 
Teloped,  like  the  axis  of  a  leaf-bud,  so  that 
ibe  oi^ans  are  brought  into  juxtapomtion  on 
s  short,  mostly  conical  receptacle,  and  the 
higher  or  later-formed  parts  are  interior  or  in- 
closed by  the  lower. 

438.  Perhaps  the  exact  case  of  a  flower  at 
(mce  BO  complete  and  so  simple  ia  not  to  be  met 
with.  For,  when  the  stamena  and  pistils  are 
thus  reduced  to  the  minimum  number,  the  floral  envelopes,  one  or 
holh,  commonly  disappear,  as  in  the  Mare*8-tail  (Fig.  703).  Not 
ii  the  production  of  seed  often  leil  to  depend  upon  a  single  organ ; 

FIG.  ITS.  Diignin  oTa  pUot,  »)ih  a  diMlchuua  uraDgningnt  of  iba  pbrlou,  unlad 
Uugufli  ilw  compl*M  Hawo,  sf  Ih*  ■Implm  kind,  caulnlni  oT,  a,  t  ■■[•I ;  b,  t,  poul ;  o,  a 
>UIN ;  ud  d,  a  plilU :  ftr  la  Iha  tmcl  «c  uppgnaaM  prupu  iai. 
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but  the  enentia),  and  with  them  the  protecting  OTgana,  are  genei- 
ftlly  multiplied  in  each  flower,  so  aa  greatly  to  dimiaish  the  chances 
of  failure.  Thus  we  find  a  circle  or  whoil  of  each  kind  of  organ, 
and  often  two  or  three  circles,  or  a  atill  larger  end  apparently  in- 
definite number  of  parts.  !n  fact,  the  floral  oi^ans  usually  occur  in 
twos,  threes,  foun,  or  fivea,  and  the  same  number  commonly  pre- 
vails  through  the  several  parts  of  the  flower  (eitcept  when  inte^ 
fered  with  by  some  of  the  disturbing  causes  hereafter  mentioned), 
d  which  therefore  displays 

>J#  A  a  Bymmetrical  arrange-    d  \^ 

lUj /J      p  ment,  or  a  manifest  ten- 

\m     ^   /  /T\*        dency  towards  it' 

vT — '    f/JJ)  ^*'  """^  "''^"'^ 

noticed  the  symmetrictd 

anangement  of  the  foli- 
age (234-252), andre-  ^ 
marked  the  tiansitiim  of  ordinary 
leavesinto  those  of  the  bloBsom  (426),  we  nat- 
urally seek  to  bring  the  two  under  the  same 
general  laws,  and  look  upon  each  floral  whorl  as 
answering  either  to  a  cycle  of  alternate  lesTei 
with  their  respective  interOodes  undeveloped 
(237  -239),  or  to  a  pair  or  verticil  of  opposite  or 
verticillate  leaves  (250,251).  Thus,  the  oiroplest 
combination,  where  the  organs  are  Hmerom,  or 
in  twos,  may  be  compared  with  the  alternate  two- 
ranked  arrangement  (337),  the  calyx,  the  corolla, 
stamens,  &c.,  each  consisting  of  one  cycle  of  two 
elements ;  or  else  with  the  case  of  oppomte  leaves 


■  Tenni  expwMive  of  ths  number  of  part*  which  eompoM  cmeh  -WaxiA.  or 
Und  of  organ  are  formed  of  the  Greek  numerali  oombinsd  with  ftcpot,  a  f«A. 
Thoi  ft  flower  with  onljono  orgM  of  e«eh  kind,  ■«  in  the  dingwm.  Kg.  «* 
iiMowmcniw;  ft  flower  or  a  whorl  of  two  orgftiu  ii  A'naiMU  (Tie- 398) ;  of 
three  (a*  in  Rg.  277),  trimava ;  of  fonr,  tetrameroiu  (Fig.  8S0) ;  of  five  (u  in 
Fig.  9M),  pentomerow ,- of  lis,  fcioBxrom  ;  of  ten,  ifaainunHU,  Ac. 

FIO.  S77.  P«rt«of  •■ymmelriMllilniicouiaoiwrfnilMmBmm);  Sjtftlji!  *,(molh! 
CMamwi;  d,  lAnlH. 

PIO.  87B.  Iik^  pUa  of  ■  plmi,  «tih  Ihi  ilmple  mm  temlnitsd  bf  *  •jnnDMrtuI  p)oU' 
Dwnui  kinr ;  Uh  dlUknnl  nu  oTofiiiw  Hpuiud  to  iodm  dliunca  from  tuh  Mher,  lo  •to" 
ilBrri»ii»B»Hi«lii<ioflh»p«ii:  wwof MCh,  Moulj,  o,  •  H|nl,  6, a pnal,  c,  ■  MUHO, ud 
d,  a  pMII,  ilB  Aown,  «lir|il 
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(S90),wheaGachselwouldaD8wertoapBirorieB¥BB.  So, likewise, 
Ibe  organs  of  a  trinerous  flower  (viz.  one  witb  its  parts  in  threes,  aa 
in  Fig.  277)  may  be  taken,  each  set  as  a  cycle  of  alternate  leaves 
of  (he  tristichous  mode(171),  with  the  axis  depressed,  which  would 
throw  the  parts  into  successive  whorls  of  threes,  or  as  a  proper  ver> 
ticil  of  three  leaves ;  while  those  of  a  penlomeroiu  or  quinary  flower 
(widi  the  parts  in  fives,  as  in  Fig.  278)  would  answer  to  the  cycles 
of  the  f  arrangement  (239)  of  alternate  leaves,  or  to  proper  five- 
leaved  verticils.  So  the  whorls  of  a  tetramerous  flower  are  to  be 
compared  with  the  case  of  decussating  oppoeile  leaves  (250)  com- 
bined two  by  two,  or  directly  with  quaternary  verticillate  leaves ; 
either  of  which  would  give  sets  of  parts  in  fours. 

440.  The  AltentalioB  of  Uh  FlonI  Organi.  We  learn  from  obser- 
ration  that  the  parts  of  the  successive  circles  of  the  flower  almost 
nniveisally  alternate  with  each  other.  The  five  petals  of  the  flower 
represented  in  Fig.  256,  for  e^araple,  are  not  opposed  to  the  five 
sepals,  that  is,  situated  directly  above  or  before  them,  but  alternate 
with,  or  stand  over  the  intervals  between  them ;  the  five  stamens 
ia  like  nianoer  alternate  with  the  petals,  and  the  five  pistils  with 
the  stamens,  aa  is  shown  in  the  diagram.  Fig,  257.  The  same  is 
(he  case  in  the  trimerous  flower,  Fig.  277 ;  and  in  fact  this  is  the 
tegular  rule,  the  few  exceptions  to  which  have  to  be  separately 
Mconoted  for. 

441.  This  alternation  comports  with  the  more  usual  phyllotaxis 
io  opposite  and  verticillate  leaves,  where  the  successive  pairs  de- 
coasate,  or  cross  each  other  at  right  angles  (250),  or  the  leaves  of 
one  verticil  severally  correspond  to  the  intervals  of  that  underneath, 
inakiDg  twice  as  many  vertical  ranks  as  there  are  parts  in  the 
whorl  (251).  The  alternation  of  the  floral  organs  is  therefore 
most  readily  explained  on  the  assumption  that  the  several  circles 
•le  true  decussating  verticils ;  when  it  only  remains  to  discover 
the  real  connection  between  the  opposite-leaved  or  verticillate  and 
the  spiral  phyllotaxis,  and  to  obtain  some  ezpression  which  will 
hariDODize  the  two  modes ;  both  of  which  are  often  met  with  on 
^  same  axis.  But  the  inspection  of  a  flower-bud  with,  the  parts 
imbricated  in  estivation  (492)  shows  that  the  several  members 
of  the  same  set  do  not  originate  exactly  in  the  same  plane.  The 
five  petals,  for  example,  in  the  cross-section  of  the  pentamerous 
Uoasom  shown  in  Fig.  257  (and  the  same  arrangement  is  still 
nore  frequently  seen  in  the  calyx),  are  so  situated,  that  two  are 

21 
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exterior  in  the  bud,  and  therefore  inserted  lower  on  the  aiis  than 
the  rest,  the  third  ia  intermediate,  and  two  others  are  entirely 
interior,  or  inserted  higher  than  the  rest  In  fact;  they  exactly 
correspond  with  a  cycle  of  the  quincuncial,  or  five>ranked,  spin! 
arrangement,  projected -on  on  extremely  abbreviated  axis,  or  on  ■ 
horizontal  plane,  as  is  at  once  seen  by  comparison  with  Fig.  ITi, 
17S.  Also  when  the  parts  are  in  fours,  two  are  almost  always  ex- 
terior in  the  bud,  and  two  interior.  Moreover,  whenever  the  floral 
envelopes,  or  the  stamens  or  pistils,  are  more  numerous,  so  as  to 
'occupy  several  rows,  the  spiral  disposition  is  the  more  manifest 
It  is  most  natural,  accordingly,  to  assume  that  the  calyx,  corolla, 
_  stamens,  &c.  of  a  pentamerous  flower  are  each  ■ 

depressed  spiral  or  cycle  of  the  ^  mode  of  phyllo- 
taxis  (239),  and  those  of  the  dimerous  flower  are 
similar  spirals  of  ti>e  ^  mode  (388).  But  then  the 
parts  of  the  successive  cycles  should  be  superposed, 
or  placed  directly  before  eoch  other  on  the  de- 
pressed axis  (Fig,  171)  ;  whereas,  on  the  contrary, 
they  almost  always  alternate  with  each  other  in  the  flower,  as 
in  the  annexed  diagram  (Fig.  279). 

442.  To  reconcile  this  alternation  with  the  laws  of  phyllotaxic 
in  alternate  leaves.  Prof.  Adrien  de  Jussieu  has  advanced  an  in- 
genious hypothesis.  He  assumes  the  -^  spiral  arrangement  (241) 
OS  the  basis  of  the  floral  structure  both  of  the  trimerous  and  penta- 
merous flower,  (at  least  when  the  envelopes  are  imbricated  in  the 
bud,)  this  being  the  one  that  brings  the  successive  parts  most 
nearly  into  alternation,  either  in  threes  or  in  fives ;  as  will  readily 
be  observed  on  inspection  of  the  tabular  projection  of  that  mode, 
given  on  page  147.  The  difference  between  the  position  of  parts 
in  regular  alternation,  whether  in  threes  or  fives,  and  that  assigned 
by  an  accurate  spiral  projection  of  the  -f^  mode,  is  very  slight  as 
respects  most  of  the  organs,  and  in  none  does  the  deviation  exceed 
one  thirteenth  of  the  circumference;  —  a  quantity  which  becomes 
nearly  insignificant  on  an  axis  so  small  as  that  of  most  flowers,  es- 
pecially towards  its  narrowed  apex.  Moreover,  if  the  interior  or- 
gans of  a  regular  and  symmetrical  flower  were  thus  to  originate  in 
the  bud  nearly  in  alternation  with  those  that  precede  them,  they 
would  almost  necessarily  be  pushed  a  little,  as  they  develope,  ioio 

Fia.  Xrs.    CnuNctHin  of  iha  Samr  bud  of  iIh  irlDMniva  Tillu,  Fif.  27T,  Is  >b»lte>l' 
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the  pMitioD  of  least  pressure,  and  thus  fall  into  these  inlerrals  with 
all  [he  exactness  that  is  actually  fouad  in  nature.  Far  in  these  liv- 
ing bodies,  endowed  as  they  are  with  plasticity  and  a  certain  pow- 
er of  adaptation  to  circumstances,  the  positions  assumed  are  not 
mathematically  accurate  ;  and  the  effect  of  unequal  pressure  in  the 
bud  ia  throwing  the  smaller  parts  more  or  less  out  of  their  normal 
position  may  be  observed  in  almost  any  irregular  Aower.  More- 
OTer,  in  all  the  forms  of  phyllotazis  from  ^  onwards,  it  is  doubtful 
whether  what  we  term  vertical  ranks  are  exactly  superposed.  In 
tracing  them'  onward  to  some  extent,  we  perceive  indications  of 
a  curviserial  arrangement,  where  the  superposition  is  continually 
approximated,  but  is  never  exactly  attained. 

443.  When,  therefore,  the  floral  circles  consist  of  parts  which 
are  evidently  developed  in  the  same  horizontal  plane  (494),  they 
are  most  simply  viewed  as  decussating  verticils,  —  as  formed  after 
ihe  manner  of  opposite  leaves.  When  they  are  imbricated  in  the 
bud  (492),  or  show  in  other  ways  a  spiral  disposition  of  parts,  we 
may  conceive  that  the  law  of  alternation  is  conformed  to  in  the 
naoDer  which  Jussieu  has  suggested,  or  in  some  such  way.  How- 
ever explained,  we  cannot  fail  to  discern  an  end  attained  by  such 
arrangement,  namely,  a  disposition  of  parts  which  secures  the 
greatest  economy  of  space  on  an  abbreviated  axis,  and  the  greatest 
freedom  from  mutual  pressure. 

444.  Position  of  tbe  Flower  u  itipetU  the  Aiii  and  tnbtendii^  Brtel. 

All  axillary  flowers  are  situated  between  a  leaf  and  the  stem,  or, 
which  is  the  same  thing,  between  a  bract  and  the  axis  of  ioflores- 
ceoce.  These  two  fixed  points  enable  us  to  indicate  the  relative 
position  of  the  parts  of  the  floral  circles  with  precision.  That  part 
of  the  flower  which  lies  next  the  leaf  or  bract  from  whose  axil  it 
ari»3  is  said  to  be  anterior,  or  inftriar  (lower) :  that  which  is 
diametrically  opposite  or  next  the  axis  is  potterior,  or  supericr 
(upper).*  It  is  important  to  notice  the  relative  position  of  parts  ia 
Ibii  respect  This  is  shown  in  a  proper  diagram  by  drawing  a 
Nctioa  of  the  bract  in  its  true  position  under  the  section  of  tbe 
Bower-bud,  as  in  Fig.  382 :  that  of  the  axis  is  necesearily  diamet- 


*  As  if  tbew  were  not  temu  enongh,  aomeiiinei  the  organ,  or  tide  of  the 

lower,  which  looks  towarda  the  bract,  'a  likewise  called  txterior,  and  the  organ 
or  nde  next  Ihe  axU,  interuiT  i  bnt  these  termi  ihoald  be  kept  to  deeigoste  tbe 
nUtiTe  pnitioQ  of  the  mesibei*  of  the  floral  drcle*  in  tetiiratioa  (490). 
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rically  opposite,  and  its  section  is  sometimes  iiiclicated  by  a  dot  or 
small  ciTcle.  la  on  azillary  tetremerous  flower,  one  of  the  sepali 
will  be  aoterior,  one  posterior,  and  two  lateral,  or  right  aad  left; 
as  io  the  annexed  diagram  of  a  Cruciferous  blossom  (Fig.  280); 


while  the  petals,  altemating  with  the  sepals,  occupy  intermediate 
positions,  or  consist  of  an  anterior  and  a  posterior  pair ;  while  the 
stamens,  again,  correspond  to  the  sepals  in  position.  A  pentame* 
rouB  axillary  flower,  having  an  odd  number  of  parts,  will  have 
either  one  sepal  superior  or  posterior  and  two  inferior  or  anterior 
(as  in  Rhus,  Fig.  281),  or  else,  vice  versa,  with  one  inferior  and 
two  superior,  as  in  Papilionaceous  flowers  (Fig.  283)  :  in  both  cases 
the  two  remaining  sepals  are  lateral.  The  petals  will  consequently 
stand  one  superior,  two  inferior,  and  two  lateral,  in  the  last-named 
case  (Pig.  282),  and  one  inferior,  two  superior,  and  two  lateral  in 
the  former  (Pig.  381).  In  terminal  flowers  (401),  the  position  of 
parts  in  respect  to  the  uppermost  leaves  or  bracts  should  be  noted. 


Sbct.  IV.    The  Vabioits  Modifications  of  the  Flowee. 

445.  The  complete  and  symmetrical  flowers,  with  all  their  o^ 
gans  in  the  most  normal  slate,  that  hare  now  been  considered,  will 
serve  as  the  type  or  pattern,  with  which  we  may  compare  the 
almost  numberless  variety  of  fdrms  which  blossoms  exhibit,  and 
note  the  character  of  the  difierences  observed.  We  proceed  upon 
the  supposition,  that  all  flowers  are  formed  upon  one  comprehen- 
sive plan,  —  a  plan  essentially  consonant  with  that  of  the  stem  or 
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branch,  of  which  we  have  ahowD  the  flower  to  be  &  modified  coh- 
linuatioa,  —  ao  that  ia  the  flower  wa  are  to  expect  no  organa  other 
tbui  those  that,  whatever  their  form  and  oSice,  answer  either  to 
die  axis  or  to  the  leaves,  or,  in  other  words,  to  phytons  (230) ;  so 
that  the  difierences  between  one  flower  and  another  are  to  be  ex- 
plained as  special  deviations  from,  or  circumstantial  variations  of, 
one  fundamental  plan, — variations  for  the  most  part  similar  or 
ualogous  to  those  which  are  known  to  occur  in  the  oi^ans  of  veg- 
etaiioa  themselves.  Having  assumed  the  typie  which  represents 
our  conception  of  the  most  complete,  and  at  the  same  time  the 
■implest  flower,  we  apply  it  to  all  the  cases  which  present  them- 
Klves ;  and  especially  to  the  elucidation  of  those  blossoms  in  which 
tbe  structure  and  symmetry  are  masked  or  obscured ;  where,  like 
tbe  disenchanting  spear  of  Ithuriel,  its  application  at  once  reveals 
tbe  real  character  of  the  most  disguised  and  complicated  forms  of 
structure. 

446.  Our  pattern  flower  consists  of  four  circles,  one  of  each 
kind  of  floml  oj^i^an,  and  of  an  equal  number  of  parts,  succes- 
lively  alternating  with  one  another.  It  is  eomplele,  having  both 
calyx  and  corolla,  aa  well  as  stamens  and  pistils  (416) ;  tynuiMri* 
tel,  having  an  equal  number  of  parts  in  each  whorl  (436) ;  regular, 
in  having  the  different  members  of  each  circle  all  alike  in  size  and 
shape ;  it  has  hut  one  circle  of  the  same  kind  of  organs ;  and 
nwreover,  all  tbe  parts  are  distinct  or  unconnected ,  so  as  to  exhibit 
their  separate  origin  from  the  axis  or  receptacle  of  the  flower.  Our 
type  may  be  presented  under  either  of  the  four  numerical  forms 
which  have  been  illustrated.  That  is,  its  circles  may  consist  of 
puis  in  twos  (when  it  is  Httary  or  dimertnu),  threes  (ternary  or 
trmerotu),  fours  (quaUmory  or  tetramerout),  or  fives  (quinary 
or  penlamerota).  Tbe  first  of  these  is  the  least  common ;  the 
trimerous  and  the  pentamerous  far  the  most  so.  'Hie  last  is  re- 
stricted to  Dicotyledonous  plants,  where  five  is  the  prevailing  num- 
ber; while  the  trimerous  flower  largely  prevails  in  Monocotyledo- 
nous  plants,  although  by  no  means  wanting  in  the  Dicotyledonous 
class,  from  which  Fig.  277  is  taken. 

447.  Tbe  priocipal  deviations  from  the  perfectly  normal  or  pat- 
tern flower  may  be  classified  as  follows.    They  arise,  either  from,  — 

1st.  The  production  of  one  or  more  additional  circles  of  one 
or  more  of  the  floral  organs  (reguiar  muUipHcatioH  or  augmetf 
mim): 

21* 
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2d.  The  production  of  a  pair  or  a  cluster  of  organs  where  there 
should  Dormally  be  but  one,  that  is,  the  multiplication  of  an  o^u 
by  divisioQ  {almormal  muIlfpZtcarion,  also  termed  lUdaptieaiioii  or 
ehorisii): 

3d.  The  union  of  the  memberB  of  the  same  circle  (eoaUseenet) : 
4th.  The  union  of  adjacent  parts  of  different  circles  {adnatun) : 
5th.  The  unequal  growth  or  unequal  union  of  different  parts  of 
the  same  circle  (irregularits/)  :  or, 

6th.  The  npn- production  or  abortion  of  some  parts  of  a  ciide, 
or  of  one  or  more  complete  circles  (mppreation  or  ahortion). 

7th.  To  which  maj  be  added,  the  abnormal  development  of  the 
receptacle  or  axis  of  the  flower. 

446.  Some  of  these  deviations  obscure  the  symmetrical  structare 
of  the  flower;  others  merely  render  it  irregular,  or  disguise  the 
real  origin  of  the  number  of  parts.  These  deviations,  moreover, 
are  seldom  single ;  but  two,  three,  or  more  of  (bem  frequently  co- 
exist, so  as  to  realize  almost  every  conceivable  variation. 

449.  Several  of  these  kinds  of  deviation  may  often  be  observed 

even  in  the  same  natural  family  of  plants,  where  it  cannot  be 

doubted  that  Uie  blossoms  are  constructed  on  th^  same  general  plan 

in  all  (he  species.    Even  in  the  fomily  CrossulBcero,  for  example, 

where  the  flowers  are  remarkably  aymmetrical, 

■■■  and  from  which  our  pattern  flowers.  Fig.  256 

and  277,  are  derived,  a  considerable  number  of 

these  diversities  are  to  be  met  with.     In  Cras- 

sula,  we  have  the  completely  symmetrical  and 

simple  pentamerous  flower  (Fig.  283,  284), 

viz.  with  a  calyx  of  five  sepals,  a  corolla  of 

five  petals  alternate  with  the  former,  an  andns- 

cinm  (418)  of  five  stamens  alternating  with  the 

petals,  and  a  gyneecium  (419)  of  five  pistib, 

which  are  alternate  with  the  stamens  ;  and  alt 

the  parts  are  regular  and  symmetrical,  and  also 

distinct  and  free  from  each  other ;  except  that 

the  sepals  are  somewhat  united  at  the  base,  and 

the  petals  and  stamens  slightly  coimected  with 

the  inside  of  the  calyx,  instead  of  manifestly 

arising  from  the  receptacle  or  axis,  just  beneath  the  pistils.    Five 

ifl  the  prevailing  or  normal  number  in  this  fiunily.    Nevertbdna, 
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in  the  related  genua  Tilltea,  most  of  the  speciea,  l!ke  ours  of  the 
Doited  States,  have  their  parts  in  fours,  but  are  otherwise  umilar, 
and  one  common  European  species  has  its  parts  in  threes  (Ftg. 
277) :  that  is,  one  or  two  members  are  lef)  out  of  each  circle, 
w)ucb  of  course  does  not  interfere  with  the  symmetry  of  the  bloe- 
som.  So  in  the  more  conspicuous  genus  Sedum  (the  Stouecrop, 
Li»e-for-eTer,  Orpiue,  Slc.)  some  species  are  5-merous,  others 
4-meious,  and  several,  like  our  S.  tematum,  have  ibe  first  blossom 
5-inerous,  but  all  the  rest  on  the  same  plant  4-merous.  But  Sedum 
■Iso  illustrates  the  case  of  regular  augmentation  (447,  1st)  in  its 
sodnxcium,  which  ccuisists  of  twice  as  many  stamens  as  there  are 
members  in  the  other  parts ;  that  is,  an  additional  circle  of  stamens 
is  introduced  (Fig.  285,  286),  the 
meniberB  of  which  may  be  distin- 
^ished  by  being  shorter  or  a  little 
later  than  those  of  the  primary  circle, 
and  also  more  definitely  by  their  al- 
leinBtioD  with  the  primary,  which 
bnngs  them  directly  opposite  the  pet- 
als. A  third  genus  (Rochea)  exhibits 
Ibe  same  5-merous  and  normal  flower 
as  Cresaula,  except  that  the  contigu- 
om  edgea  of  the  petals  slightly  cohere 
about  half  their  length,  although  a 
little  force  suffices  to  separate  them : 
in  another  (Grammanthes,  Fig.  287), 
dte  petals  are  firmly  united  into  a 

tabe  for  more  than  half  their  length,  and  so  are  the  sepals  likewise ; 
ptesenting,  therefore,  the  third  of  the  deviations  above  enumer- 
ated (447).  Nest,  the  allied  genus  Cotyledon  (Fig.  288)  exhibits 
in  the  same  flower  both  this  last  case  of  the  coalescence  of  similar 
parti  in  its  floral  envelopes,  and  an  additional  circle  of  stamens,  as 
io  Sedum.  It  likewise  presents  the  next  order  of  deTiations,  in  the 
sdnation  of  the  base  of  its  stamens  to  the  base  of  the  corolla,  out 
of  which  they  apparently  arise,  as  is  seen  in  Fig.  289,  where  the 
corolla  is  laid  open  and  displayed.  The  pistils,  although  ordinarily 
uhibitiiig  a  strong  tendency  to  unite,  are  perfectly  distinct  in  all 
tbcse  cases,  and  indeed  throughout  the  order,  with  two  excepdons ; 
one  of  which  is  seen  in  Penthorum,  where  the  five  ovaries  (Fig. 
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S90)  are  united  below  into  a  solid  body,  while  their  8uinniits,u 
well  aa  the  styles,  are  separate.  The  same  plant  also  furnisbesaa 
example  of  the  non-production  (or  mjtpntnon)  of  one  whorl  of 
organs,  that  .of  the  petals;  which,  although  said  to  exist  in  soine 
specimens,  are  ordinarily  wanting  altogether.  Another  instance  of 
increase  in  the  number  of  parts  occurs  in  the  Houseleek  (Sempe> 
vivum),  in  which  the  sepals,  petals,  and  pistils  vary  in  different 
species  from  six  to  twenty,  and  the  stamens  from  twelve  to  fofly. 


450.  Same  illitftmtions  of  the  principal  diversities  of  the  flower, 
as  classified  above  (447),  may  be  drawn  at  random  from  difiereai 
families  of  plants ;  and  most  of  the  technical  terms  necessarily 
employed  in  describing  these  modifications  may  be  introduced,  and 
concisely  defined,  as  we  proceed.  The  multiplication  of  parts  a 
usually  in  consequence  of  the 

451.  i^DUBtaiiai  of  tbn  Plwal  Ciltlo.  An  increased  number  of 
circles  or  parts  of  all  the  floral  organs  occurs  in  the  Magnolia 
Family ;  where  the  floral  envelopes  occupy  three  or  four  rows,  of 
three  leaves  in  each,  to  be  divided  between  the  calyx  and  corolla, 
while  the  stamens  and  pistils  are  very  numerous,  and  compactly 
arranged  on  the  elongated  receptacle.  The  Custard-Apple  Fami- 
ly, which  is  much  like  the  last,  has  also  two  circles  in  the  corolla, 
three  petals  in  each,  a  great  increase  in  the  number  of  stamens, 
and,  in  our  Papaw  (Fig.  493),  sometimes  only  one  circle  of  pis- 
tils, viz.  3,  sometimes  twice,  thrice,  or  as  many  as  five  times  that 
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Dumber.  The  Water-Lily,  likewise,  has  all  its  parts  increased 
(Fig.  365),  the  floral  envelopes  and  the  stamens  especially  occu- 
pyiog  B  gfcot  number  of  rows ;  ond  the  pistils  are  likewise  numer- 
«u ;  although  their  number  is  di^^ised  by  a  combination,  to  be 
hereafter  explained.  When  the  sepals,  petals,  or  other  parla  of 
die  flower  are  too  numerous  to  be  readily  counted,  or  are  even 
more  than  twelve,  especially  when  the  number  is  inconstant,  aa  it 
eoramonly  is  in  such  cases,  they  are  said  to  be  indefinite  ;  and  a 
Bower  with  numerous  stamens  is  also  termed  polyandrous. 

453.  When  such  multiplication  of  the  floral  circles  is  perfectly 
tegular,  the  number  of  the  o^ans  so  increased  is  a  multiple  of 
that  which  forms  the  basis  of  the  flower;  but  this  could  scarcely 
be  determined  when  the  numbers  are  large,  as  in  the  stamens  of  a 
Buttercup,  for  example,  nor  is  there  much  constancy  when  the 
whorls  of  any  organ  exceed  three  or  four.  In  such  cases,  the  cir- 
cles usually  appear  to  run  into  a  continuous  spiral,  as  is  plainly 
seen  in  the  cone  of  a  Magnolia  or  of  a  Tulip-tree.  The  doublmg 
or  trebling  of  any  or  all  the  floral  circles  does  not  interfere  with 
the  symmetry  of  the  flower;  but  it  may  obscure  it  (in  the  stamens 
and  pistils  especially),  1^  the  crowding  of  two  or  more  circles  of 
five  members,  for  example,  into  what  appears  like  one  of  ten,  or 
two  tnmerous  circles  into  what  appears  like  one  of  six.  The  lat-  • 
tercase  occurs  in  most  Endogenous  plants. 

453.  The  production  of  additional  floml  circles  may  account  for 
most  cases  of  increase  of  the  normal  number  of  organs,  but  not 
for  all  of  them  ;  unless  through  the  aid  of  hypotheses  that  have  no 
intriosic  probability,  and  are  unsupported  by  any  clear  analogies 
drawn  from  the  organs  of  vegetation,  which,  it  is  evident,  must 
gire  the  rule  in  all  questions  involving  the  morphology,  or  at  least 
tbe  positbn,  of  the  floral  organs.  It  must,  we  think,  be  admitted 
that  certain  parts  of  the  blossom  are  sometimes  tnultlpiied  by  the 
pndvction  of  a  pair  or  a  grgup  of  organs  tehich  occttpt/  the  place 
of  one ;  namely,  by  what  has  been  termed 

454.  dorfllR  or  DednplinUpn.  The  name  dldoublemenl  of  Dunal, 
which  has  been  translated  dedupliealion,  literally  means  vnlining  ; 
the  original  hypothesis  being,  that  the  organs  in  question  anline,  or 
tend  to  separate  into  two  or  more  layers,  each  having  the  same 
stiuciure.  We  may  employ  the  word  deduplicaiion,  in  the  sense 
of  the  doubling  or  multiplication  of  the  number  of  parts,  without 
Kceiving  this  gratuitous  hypothesis  as  to  the  nature  of  the  process. 
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which  at  best  can  well  apply  only  to  aomo  special  cases.     The 
word  cAorutf  {x&purit,  the  act  or  stale  of  aeparalion  or  mulUplica- 
tioo),  also  proposed  by  Dunal,  does  not  involve  any  such  assump- 
tion, and  is  accordingly  to  be  preferred.    By  regular  multiplica- 
tion, therefore,  we  mean  the  augmentation  of  the  number  of  organs 
through  the  development  of  additional  circles ;   which  does   not 
alter  the  symmetry  of  the  flower.    By  chomia  we  denote  the  pro- 
duction of  two  or  more  organs  in  the  place  of  one,  through  the 
multiplicalioD  of  the  leaf  part  of  an  individual  phyton  ;  — a  case 
which  may  be  compared  with  the  multiplication  of  cells  by  division 
(30),  and  more  directly  with  the  division  of  the  blade  of  a  leaf 
into  a  number  of  separate  blades  or  leaflets.    Chorisis  may  take 
place  in  two  different  ways,  which  are  perhaps  to  be  differently 
explained  :  in  one  case,  the  increased  parts  stand  side  by  side  ;  in 
the  other,  they  are  situated  one  before  the  other.    Both  cases  must 
evidently  disturb  or  disguise  the  normal  symmetry  of  the  flower. 
455.  Of  the  first  case,  which  may  be  termed  eollaterdl  ckorisit, 
we  have  a  good  example  in  the  tetradynamaiu 
stamens  (519)  of  the  whole  natural  family  Cru- 
cifene.     Here,  in  a  fiower  with  symmetrical  te- 
tramerous  calyx  and  corolla, we  have  six  stamens; 
of  which  the  two  lateral  or  shorter  ones  are  al- 
ternate with  the  adjacent  petals,  as  they  normcUly 
should  be,  while  the  four  are  in  two  pairs,  one 
pair  before  each  remaining  interval  of  the  pet- 
als ;  as  is  shown  in  the  annexed  diagram  (Fig. 
393).   That  is,  on  the  anterior  and  on  the  poste- 
rior side  of  the  flower  we  have  two  stamens 
where  there  normally  should  be  but  a  single  one, 
and  where,  indeed,  there  is  but  one  in  some  spe- 
cies of  Cruciferse.    Now  it  occasionally  happens 
that  the  doubUng  of  this  stamen  is,  as  it  were,  ar- 
rested before  completion,  so  that  in  place  of  two 
stamens  we  see  a  forked  filament  bearing  a  pair  of 
n  anthers ;  as  is  usually  the  case  in  several  species 

of  Streplanthus  (Pig.  293).    Here  the  two  sta- 
mens which  stand  in  the  place  of  one  may  be  compared  with  a 
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seasile  compound  leaf  of  two  leaflets.  Id  the  related  order  Fuma- 
liaces,  each  phyloD  of 
the  andrcecium  is  Ire- 
bkd  in  the  same  man- 
oer.  The  circles  of 
the  flower  in  that  order 
are  in  twoa  through- 
out, or  dimerous. 
There  is,  first,  a  pair 
of  small  scale-like  se- 
pals ;  alternate  with 
these  a  pair  of  petals 
which,  in  Dicentra, 
&c.  (Fig.  294-896), 
■re  saccate  or  spurred 
below :  alternate  and 
vilhia  these  there  is  a 
second  pair  of  petals 
(Fig.  297):  alternate 
wih  these  are  two 
clusters  of  three  more 

or  less  uoited  stamens,  "  ** 

which  plainly  stand  in  the  place  of  two  single  stamens.  The  ar- 
rangement of  parts  is  shown  in  the  annexed  diagram  (Fig.  298)  *, 
where  the  lowest  line  indicates  the  suhtending  hract,  and  therefore 
the  anterior  side  of  the  blossom ;  the  two  short  lines  in  the  same  plane 
represent  the  sepals  ;  the  two  next  within, 
the  lateral  and  exterior  petals ;  those  al- 
ternate and  within  these,  the  inner  circle 
of  petals ;  and  alternate  with  these  ate  the 
anthers  of  the  two  stamen-clusters.  The 
centre  is  occupied  by  a  seciion  of  the  pis- 
til, which,  as  will  hereafter  be  shown,  con- 
"  "  sists  of  two  united.     The  three  stamens 

are  lightly  connected  in  Dicentra  (Fig.  296) ;  but  in  Corydalis  and 
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Adiumia  there  is  only  one  strap'shaped  filament  on  each  side, 
which  ia  three-forked  at  the  tip,  each  fork  bearing  an  anther.  One 
of  these  trebled  stamens  is  shown  in  Fig.  399. 

456.  We  have  a  similar  case  in  some  Hypericums  and  in  Elo- 
dea  (Pig-  300),  except  that  in  these,  while  the  floral  envelopes  are 

5-meroUB,  the  circles  within  them  are 
commonly  3-merous.  The  three 
members  of  the  andrcscium  are 
normally  placed,  alternating  with  the 
three  members  of  the  gyafficium  with- 
in, and  without  with  three  glands, 
which  probably  replace  an  exterior 
circle  of  stamens ;  but  each  member 
as  it  developed  has  divided  above  in- 
to three  stamens  (Fig.  301)  ;  each  anther  of  which  may  be  viewed 
as  homologous  with  a  leaflet  of  a  trifoliolate  leaf  (369).  In  the 
same  way  are  the  false  filaments  placed  between  the  petals  and  the 
real  stamens  of  Parnassia,  partly  divided  into  three  in  our  P.  Ca- 
rotiniana  (Fig.  305),  or  into  from  9  to  15  shorter  glandular  lobes  in 
P.  palustria.  So  each  cluster  of  numerous  stamens  of  the  polyan- 
drous  species  of  Hypericum  (Fig.  553)  doubtless  arises  from  the 
repeated  chorisis  of  a  single  phyton,  and  is  therefore  analogous 
to  a  decompound  leaf.  The  actual  development  of  such  a  cluster 
from  a  small  protuberance,  which  in  [he  forming  flower-bud  stands 
in  the  place  of  a  single  stamen,  and  its  repeated  forkings  as  it 
grows,  have  been  traced  by  Duchatre,  particularly  in  Malvaceous 

457.  Thus  far  we  are  sustwned  by  a  clear  analogy  in  the  or- 
gans of  vegetation.  As  the  leaf  frequently  developes  in  the  form 
of  a  lobed,  divided,  or  compound  leaf,  that  is,  as  a  cluster  of  par- 
tially or  completely  distinct  organs  from  a  common  base,  so  may 
the  stamen,  or  even  the  pistil,  become  compound  as  it  grows,  and 
give  rise  to  a  cluster,  instead  of  completing  its  growth  as  a  solitary 
organ  :  and  it  appears  that  the  organogeny  is  strikingly  similar  in 
the  two  coses.  Nor  is  it  very  unusual  for  petals  to  become  di- 
vided or  deeply  lobed  in  the  same  manner ;  as,  for  example,  those 
of  Mignonette.  In  many  cases,  however,  the  multiplication  takes 
place  in  the  opposite  plane,  so  that  the  parts  are  situated  one  be- 


,y  Google 


CB0SI8IS  OS  DBDUFLICATIOM.  S63 

fore  tbe  other ;  —  an  arraDgement  which  is  not  known  to  occur  in 

[be  teaSets  of  anjr  compound  leaf. 
456.  Some  examples  of  this  vertieal  or  tranner$e  ckorint  may 

be  adduced  before  we  essajr  to  explain  them.     A 

common  case  is  that  of  the  ertnen,  or  small  and 

mostly  iwo-lobed  appendage  on  the  inside  of  the 

bUde  of  the  petals  of  Silene  (Fig.  302)  and  of 

many  other  Caryophyllaceous    plants.     This   Is 

more  like  a  case  of  real  didoublemmt  or  wtlinifig, 

1  partial  separation  of  an  inner  lamella  from  the 

outer,  and  perhaps  may  be  so  viewed.     The  sta- 
mens sometimes  bear  a  similar  and  more  striking 

Appendage,  aa  in  Larrea,  for  example  (Fig.  303), 

and  most  other  plants  of  the  Guaiacum  Family  ;  also  in  the  Dod- 
der (Fig.  930).  Let  it  be  noted  that  in  these  cases  the 
appendage  occupies  the  inner  side  of  the  petal  or  sta- 
men, and  that  it  is  oAen  two-lobed.  Again,  before 
each  petal  of  Pamasaia  (Pig.  305),  although  slightly  if 
at  all  united  with  it,  is  found  a  body  which  in  P.  palus- 
tris  is  somewhat  petaMike,  with  a  considerable  number 
of  lobes,  and  in  P.  Caroliniana  is  divided  almost  to  the 
base  into  three  lobes,  which  look  much  like  abortive 
The  true  stamineal  circle,  however,  occupies  its  proper 

place  within  these  ambigu- 

oas  bodies,  alternate  with 

(be    petals.      We    cannot 

^bt  that  the  former  are 

of  the  same  nature  as  the 

Kale   of    the    stamens  in 

Lanrea,  atid  the  crown  of 

the  petals  of  Silene. 

459.  It  may  also  be  no- 
ticed, that,  while  in  collat-  *•  *• 

eral  chorisis  the  increased 

pans  are  usually  all  of  the  same   nature,  like  so  many  similar 

leaflets  of  a  compound  leaf,  in  what  ia  called  tnmaverse  chorisis 

m  X&.    h  pnul  of  SllaiM  PmnsjiTmnlcE,  wl[h  iu  tr 
FH).  aoa.    A  nwiHD  of  Uina  Mulcuu,  whb  i  n 

Flo,  3Dt.    Dl^nm  (cmHKtlan)  01  Uh  Aaww  of  FUMiria  CKoliatui,    30S,  A 
witb  tha  ippBndaf*  iTai  lUndi  htton  H, 
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there  is  seldom  if  ever  such  a  division  or  ramificBtioii  into  homo- 
geneous parts ;  but  the  original  organ  remains,  as  it  were,  intact 
and  unmodified,  while  it  bears  an  appendage  of  some  different 
appearance  or  function  on  its  inner  face,  or  at  its  base  oa  that  side. 
Thus  the  stamens  of  Larrea,  &c.  bear  a  scale-like  appendage; 
the  petals  of  Sapindus,  Cardiospermum,  &c.,  a  petaloid  scale  quite 
unlike  the  original  petal ;  the  petals  of  Pamsssia,  a  cluster  of  bod- 
ies resembling  sterile  filaments  united  below.  In  a  still  greater 
number  of  instances,  the  acceosiOD  to  the  petal  consists  of  a  real 
stamen  placed  before  it,  and  often  more  or 
<:^^^^^^  less  united  with  its  base,  as  in  the  whole 

'^^       "        Buckthorn  Family   (Fig.  315),  and   in  the 
Byttneriacess ;  or  of  a  cluster  of  stamens, 
as  in  the  Mallow  Family,  and  indistinctly  in 
most  European  Lindens ;  or  of  such  a  cluster 
''^^==3c=r:::^        with  a  petal-like  scale  in  the  midst,  as  in  the 
**  American  Lindens  (Fig.  623,  623,  306).    In 

the  first-named  cases,  the  accessory  organ  developes  entire  and 
simple  ;  in  the  latter,  it  is  multiplied  by  collateral  cborisis.* 

460.  A  most  able  writer  in  a  recent  number  of  the  Journal  of 
Botany,  (with  whom  we  entirely  accord  as  to  the  nature  of  collat- 
eral cborisis,)  "  being  totally  at  a  loss  to  find  any  thing  analogous  in 
the  ordinary  stem-leaves"  to  this  transverse  or  vertical  multiplica- 
tion of  parts,  inclines  to  consider  such  appendages  as  those  of  the 
petals  of  Silene,  Sapindus,  Ranunculus,  &c.,  as  deformed  glands, 
and  the  stamens  thus  situated,  whether  singly  or  in  clusters,  as  de- 
velopments of  new  parts  in  the  axil  of  the  petals,  &c.t  It  appears 
to  us,  however,  that  the  leaves  do  fumbh  the  proper  analogue  of 
these  appendages  (especially  those  of  Fig.  302,  303,  305,  and  the 


*  For  illnitratioiu,  and  more  detailed  explaoMion  of  thete  pointa,  the  mi- 
deot  ii  rerened  10  the  figoret  and  text  of  7^  GoKrao/lh  VniteJ  Statu  fUm 
JUwfroterf,  e«ped*Uf  (o  Vol.  3.  The  oppoaitlon  of  ibe  exterior  drde  of  ■!*• 
neiu  to  the  petali  in  G«ruiiaiii,  Ac,  we  ezplun  in  a  different  w^  (477). 

t  Namely,  in  Hooker's  JbuntU  o/Botani/  and  Kea  Garden  Muailanf,  Dee, 
1H49,  p.  360,  — The  morphologj  of  tme  glands  issiiU  otncnre,  DOtwiUistandiog 
the  inlereiting  light  that  is  llutiwii  upon  them  in  the  snide  here  referred  to ; 
and  stipnlei  often  tend  to  usanie  the  glandular  character,  or  are  reduced  to 
gland*,  as  in  Linnm. 

eie.  tot.   Dl«truB  (CMH-HCtko)  of  >hg  a 
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petaloid  scales  of  Sapiodacee)  in  tbeli^uZe  of  Grasses  (29S),aiid 
tbe  stipules  (804).  The  fomter  occupies  exactly  the  same  posi- 
tion. The  latter  foiro  an  essential  part  of  die  leaf  (359),  and  uaih 
ally  develope  in  a  plane  paralkl  with  that  of  the  blade,  but  between 
it  and  tbe  axis,  particularly  when  they  are  of  considerable  size, 
and  serve  as  teguments  of  the  bud,  as,  for  example,  in  Magnolia 
(Fig.  130)  and  Liriodendron.  The  combined  intrapetiolar  stipules 
of  MelianthuB,  &lc.  furnish  a  case  in  point,  to  be  compared  with 
the  two-lobed  internal  scale  of  the  stamens  in  Larrea,  the  two- 
cleft  adnate  appendage  of  the  petals  in  Caryophyllen,  Sapindus, 
4ec.  ;  and  instances  of  cleft  or  appendaged  stipules  may  readily  be 
adduced  to  show  that  such  bodies  are  as  prone  to  multiplication  by 
division  as  other  foliar  parts.  The  supposition  of  a  true  axillary 
origin  of  the  organs  in  question,  therefore,  appeara  to  be  gratuitous, 
and  it  would  certainly  introduce  needless  complexity  into  the  theory 
of  the  structure  of  the  flower.  Still,  as  the  axillary  branch  must 
begin  with  a  single  phjrlon,  its  developntent  may  in  the  flower  be 
restricted  to  one  phyton  (as  in  the  pistillaiy  leaf  in  the  axil  of  a 
bract  in  Conifers) ;  thus  giving  a  single  axillary  organ,  which,  if 
it  multiply  at  all  as  it  developes,  may  do  so  by  collateral  chorisis. 
And,  reduced  to  the  simplest  case,  between  the  transverae  divinoa 
of  a  nascent  phyton,  and  the  axillar  production  of  a  second  phyton 
at  an  extremely  early  period  in  the  deyelopment  of  that  which 
subtends  it,  there  is  little  assignable  diflerence.  At  present,  ac 
cordingly,  we  think  that  tbe  same  generic  name  may  properly 
enough  be  employed  both  for  the  collateral  and  the  vertical  multi- 
plication of  organs,  where  two  or  more  bodies  occupy  the  place  of 
one,  carefully  distinguishing,  however,  the  two  difierent  cases; 
and  also,  that  a  special  term  is  needful  for  discriminating  between 
SDch  multiplication  and  that  by  the  regular  augmentation  of  floral 
organs  through  the  development  of  additional  circles.  Nor  ia  a 
special  term  the  less  requisite,  at  least  in  systematic  botany,  be- 
cause we  recognize,  in  one  or  both  kinds  of  ehoritit,  processes  or 
modes  of  division  which  are  common  to  the  floral  organs  and  to 
tbe  foliage." 


*  Wb  ue  aware  ^t  Dr.  Iiindlej  fnminarilr  rejecli  the  whole  doctrine  of 
Dtiiic,  or  uf  erolntion  of  two  or  more  bodiei  in  the  nonnsl  pUce  of  oat, 
wever  explained ;  and  fbr  three  reuoni,  which  may  be  died  front  Imnd. 
figioMjr,  l.p.S3S,  wiih  a  word  of  c)»niMnL    "  1.  Hen  Is  no  inenwc*  rf 
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461.  At  CealBUnn  or  union  of  the  perls  of  the  same  whorl  or 
•et  of  organs  is  so  frequent,  that  few  cases  are  to  be  found  id  which 
it  does  not  occur,  to  a  greater  or  less  extent,  in  some  portion  of  tba 
flower.  When  the  sepals  are  thus  united  into  a  cup  or  tube,  the 
calyx  is  said  to  be  monotepalous,  or,  more  correctly,  gamosepalous : 
when  the  petals  are  united,  the  corolla  is  said  to  be  monopetaloM,  or 
gamopetalout ;  the  latter  being  the  appropriate  term,  as  it  denotes 
that  the  petals  are  combined ;  but  the  former  is  in  common  use,  al- 
though strictly  incorrect,  as  it  implies  that  the  corolla  consists  of  a 
single  petal.  The  inappropriate  names,  in  these  cases,  were  gives 
long  before  the  structure  was  rightly  understood.  So,  also,  such  a 
calyx  or  corolla  is  said  to  be  entire,  when  the  sepals  or  petals  are 
united  to  their  very  summits ;  as  the  corolla  of  Convolvulus  (Pig. 

nnlining  [r«ad  ehon'*l$,  which  Dunal,  li  qnoied  b;  Lindlej,  propose!  to  nb- 
■litauj  which  may  not  b«  m  well  expUiDed  b;  the  theot7  of  altematioFn."  — 
Not  to  mention  other  inctuice*,  how  ii  the  Mtditechun  of  Famanaces  to  I« 
expUiaed  npon  the  theory  of  slteraation!  If  bj  the  bjiioihMis  itill  repro- 
doced  in  the  Vtgelable  Kingdom,  p.  436,  «e  inqnira.  What  uulogj  wir- 
rants  the  mppoiitioQ  that  a  itamen  or  a  leaf  maj  aplit  into  halres,  and  the 
halTB*  luiEe  each  with  a  different  filament  which  hu  an  angular  distance  of 
n  degreeil— "S.  It  is  highlj  improbable  aitd  inconeistent  with  the  simplicitj 
of  vegetable  etmetore,  that  ie  the  tame  flower  the  mnltiplicatioii  of  oigui 
■hould  aiise  from  two  whollj  different  causes,  via.  allaniation  at  one  tinM^ 
and  nnUning  at  another.  S.  Aa  it  is  linown  that  in  some  flowen,  where  the 
"law  of  alternation  ninallj  obtains,  the  orgins  are  occasionallj  placed  opposite 
each  other,  it  is  necessary  fbr  the  supporters  of  the  nnlining  theory  to  w- 
snmo  that  in  inch  a  flower  a  part  of  the  organs  most  be  altemaie  and  a  part 
■olined,  or  at  one  lime  be  all  alternate  and  at  another  fime  be  all  tmUned, 
which  is  eniirel)'  oppoted  to  probabiliqr  and  sound  philosophy.  See  the  Ca- 
melliM  flgnred  in  the  Elements  of  Botany,  p.  76,  fig.  1A6,  15T,  158."  — In 
double  Camellias  the  nameroas  petola  of  the  roietle  are  in  some  cases  spirally 
altemalo,  in  others  placed  oppodte  each  other  in  five  or  more  ranks.  Now, 
whea  in  the  very  same  species  two  such  different  modes  of  arrangement  occur, 
ia  it  not  a  priori  more  probable  that  the  two  arrangements  reanit  from  diffeitot 
eaoses  and  are  goremed  by  esseutially  different  laws  ?  —  "  t.  The  eiamina- 
^n  of  the  gradual  development  of  flowers,  the  only  irrefysgable  proof  of  the 
real  nature  of  final  stroctare,  does  not  in  any  degree  show  that  the  sapposed 
process  of  nnlining  has  a  real  existence."  Compare  with  this  ihe  well.eiated 
abstract  of  Dnchatre's  memoir  on  Ihe  Morphology  and  Organogeny  of  Hal- 
VBCOK,  which  ia  given  in  the  same  work  ( To).  S,  p.  70,  el  m/.),  and  which  if- 
sarti  that  the  stamens  of  the  Halvaceons  flower  appear  and  mnlliply  in  a  man- 
ner wholly  confhrmable  to,  the  doctrine  of  chorisis,  as  here  maintained,  and 
hardly  explicable  npon  aoy  other  theory.  See,  also,  eeteial  diagiams  of  iIm 
SBstiTatioa  of  Bowbib  of  Halpighiacess,  where  the  petals  extend  wilAi»  the  oalO! 
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921),  which  thus  appeaia  to  be  one  umple  organ  ;  or  to  be  toothed, 
hhed,  elefi,  oi  parted,  according  to  the  degree  in  which  the  union 
is  incomplete ;  thii  language  being  employed  just  aa  in  the  case  of 
tbe  division  of  leaves  (281).  When  the  sepals  are  not  united,  the 
caljz  is  said  to  be  polyitpoieua ;  and  when  the  petals  are  distinct, 
the  corolla  is  said  to  be  polypetmlota  ;  that  is,  composed  of  seveial 
petals.  Examples  of  thii  union  of  the  parts  of  the  same  circle 
have  already  been  shown,  as  respects  the  calyx  and  corolla  (Fig. 
887),  and  in  the  account  of  what  ia  called  tbe  monopetalout  divis- 
ion of  the  exogenous  natural  orders  further  illustrations  are  given, 
exhibiting  this  union  in  very  different  degrees. 

462.  The  union  of  the  stamens  occurs  in  various  ways.  Some- 
times the  filaments  are  comluoed,  while  the  anthere  are  distinct. 
When  thus  nnited  t^  their  filaments  into  one  set,  they  are  said 
to  be  monade^houa;  as  in  tbe  Lupine,  Slc.  (Fig.  307).  When 
united  by  their  file- 
meats  into  two  sets, 
they  are  dtaddphoni 
(Pig.  308),  as  in  most 
plants  of  the  Pea  tribe 
( LegnraiDOBce),  whem 
mne  stamens  form 
one  set  and  the  tenth 
is  solitary;  wad  in 
Kcentra  (Fig.  296,        ""  "  ».  ™ 

S99),  where  the  six  stamens  ar«  equally  combined  in  two  sets. 
When  united  or  arranged,  in  three  seta  or  parcels,  they  are  said  ta 
be  triadelphoiu,  aa  in  the  common  St.  John's.wort  (Pig.  5S3 ) ;  or 
if  in  s&TBT&],polifadelphom;  as  tnother  Hypeiicums,  inTilia,dz«. 
In  some  of  these  instances,  indeed,  the  stamens  of  each  group 
have  a  common  origin,  as  we  suppose  (456) ;  still,  the  same  terms 
•re  employed  in  botanical  description,  under  whatever  theoretical 
views.  In  other  cases,  the  filaments  are  distinct,  or  nearly  so, 
and  the  anthers  united  into  a  ring;  as  in  the  vast  order  Compod- 
tm,  or  class  Syngenesia  of  tbe  Linnroan  artificial  system ;  when 
die  stamens  are  said  to  be  lyngenesiout  (Fig.  309,  310).  Again, 
in  Lobelia,  not  only  are  the  anthers  ^genesious,  but  the  filaments 
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B  also  oomlmied  in  &  tube  for  the  greater  part  of  their  length 
(iPig.  786).  The  •ame  thing  is  seen 
io  the  Gouid  tribe,  where  tlte  HDiben 
are  sometimes  long  and  sinuous  or  re- 
mariubly  contorted,  as  well  as  ethe- 
real into  a  mass  (Fig.  311-313). 

463.  The  union  Of  the  pistils  is  still 
more  commoa  than  that  of  the  stamens. 
It  occurs  in  every  degree,  from  the  par- 
tial combin&tioD  of  the  ovaries,  ai  in 
Penthorum  (Fig.  290),  &c.,  to  th^ 
complete  UDJon  while  the  styles  remain 
distinct,  as  in  the  St.  JohnVwort  (Fig 
554),  to  the  partial  union  of  the  latter, 
as  in  the  Mallow,  or  to  the  perfect  union 
of  the  styles  also  into  a  singld  body,  as  in  Convolvulus  (Fig.  923). 
In  some  cases,  the  styles  are  wholly  combined,  while  the  ovaries 
are  only  partially  so ;  and  in  the  Milk-weed  and  Dogbane  (Fig. 
953),  the  stigmas  are  united,  while  the  ovaries  are  distiocL  But 
the  structure  of  the  compound  or  syncarpout  pistils  will  require 
particular  illustnUion  farther  on.  When  there  is  no  such  union, 
but  the  several  organs  of  the  same  circle  are  separate  or  uncon- 
nected, they  are  said  to  be  dittineL. 

464.  The  terms  tmion,  eohenon,  and  the  like,  must  not  be  un- 
derstood to  imply  that  the  organs  in  question  were  first  formed  as 
distinct  parts,  and  subsequently  cohered.  This  is  seldom  the  case. 
The  union  is  congenital ;  the  members  of  a  gamosepalous  calyx,  a 
gamopetalous  corolla,  a  monadelphous  circle  of  stamens,  or  a  com- 
pound pistil,  were  connate,  and  showed  their  union  from  the  earliest 
period.  The  language  we  use  has  reference  to  our  idea  of  these 
parts,  as  answering  each  to  a  single  leaf.  We  might  more  cor- 
rectly say  that  the  several  leaves  of  the  same  circle  have  failed  to 
isolate  themselves  as  they  grew.  The  same  remark  applies  to  the 
case  of 

465.  Adniliail,  or  the  union  of  different  circles  of  floral  o^ans 
with  one  another.  This  may  take  place  in  various  degrees.  It 
presents  the  appearance  of  one  circle  or  set  of  parts  growing  oat 
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of  uotber,  u  the  corolla  out  of  the  calyx,  the  stamena  out  of  the 
corolla,  or  all  of  them  out  of  the  pisdl ;  aod  therefore  dieg;uiaeB  the 
real  origin  of  the  Aoral  organs  from  the  leceplRcle  or  azU,  in  suc- 
eeamve  series,  one  within  or  above  the  other  (42).  In  the  nu- 
rneroua  cases  wbere  the  real  origin,  or  imeriion,  of  the  floral 
DTgBDs  is  not  obscured  by  these  cohesions,  but  where  they  are  in 
^pearance  as  well  as  in  theory  inserted  on  the  receptacle,  the 
calyx,  corolla,  and  stamene  are  said  to  be  hypogynotu,  that  is,  in- 
Krted  below  the  pistils ;  as  in  the  Buttercup,  the  Magnolia,  in  Cru> 
cifenus  flowers  (Fig.  397),  &c.  The  floral  organs  in  such  cases 
WB  also  said  to  he  free;  which  is  the  term  opposed  to  the  adhesion 
oi  one  organ  to  another,  as  that  of  diatinct  is  to  the  cohesion  of 
the  parts  of  the  same  whorl  or  set  of  organs.  Thus,  the  stameoa 
tre  said  to  be  distinct,  when  not  united  with  each  other,  and  to  be 
fru,  when  they  contract  no  adhesion  to  the  petals,  sepals,  or  pis- 
tils; and  the  same  language  is  equally  applied  to  all  the  floral 
organs.  Ilie  word  amtuiU  (bom  united)  is  applied  either  to  the 
cragenital  union  of  homogeneous  parts  (as  when  we  say  that  the 
two  leaves  of  the  upper  pairs  of  the  Honeysuckle  are  connate,  the 
sepals  or  stamens  are  connate  into  ft  tube,  or  the  pistils  into  a  com- 
poand  pistil),  or  to  the  coalescence  of  heterogeneous  parts  (as  that 
of  the  petiUs  vith  the  calyx,  or  of  both  with  the  pistil).  But  the 
vord  adaate  belongs  to  the  latter  case  only. 

466.  When  heterogeneous  parts  are  adnate,  that  is,  congenitally 
idberent  to  each  other,  some  additional  technical  terms  are  ren> 
deted  necessary.  Thus  two  words  are  used  as  counterparts  of 
kipogynaia  (under  the  pistil),  and  accord  with  difierent  degrees 
of  Bduation,  viz.  perigynotu  and  epigynova.  The  petals  and  sta- 
■neoB,  which  almost  always  accompany  each  other,  are  ssdd  to 
In  ftrigynottS  (literally  placed 
around  the  pistil)  when  they  ad- 
Ikk  to  the  base  of  the  calyx,  or 
in  botanical  language  are  inserted 
oa  it,  either  directly,  or  perhaps 
more  commonly  by  means  of  a 
due  or  sort  of  commsn  fleshy 
^Bse,  from  the  upper  surface  or  edge  of  which  they  grow ;  as  in 

19.  311.  A  Acnw  of  Btiuyia  ilnlfailoi,  absirhig  tbi  pMlfrDoni  din,  into  tbt  aar^a  al 
•Ucttktfuliud  •umm  «■  liiHiUd.    3ia  VtrUoil  Hctkia  Ihiwich  Uh  aijx  ud  ilu 
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the  Cheny,  the  Buckthorn  (Pig.  314,  315),  &c.    The  aame  tenn 
is  often  applied  to  the  calyx  when  it  is  adnate-  to  the  base  of  the 
OTBiy,  in  which  caae  it  neceasarily  carries  the  petals. and  stamens 
with  iL    Very  frequently  the  calyx  inveBts  and  coheres  with  tho 
whole  surface  of  the  ovary,  so  that  all  the  parts  of  the  flower  seem 
IQ  grow  out  of  its  summit;  aa  in  the  Honeysuckle,  the  Dogwood, 
{Fig.  340,  a),  the  Valerian,  &c.    The  organs  which  thus  appar- 
ently arise  from  the  top  of  the  orary  are  said  to  be  epigynoui 
(literally  on  the  pistil) ;  a  case  of  which  ii 
shown  in  Fig.  316.     The  earlier  botaoifltB 
called  the  flower,  or  calyx,  in  auch  cases, 
ntperior,  and  the  ovary  and  fruit  inferior ; 
and  when  no  such  combination  occurs,  the 
flower,  or  calyx,  &c.  was  mid  to  be  m^ 
rior,  and  the  ovary  superior.     But  then 
terms  are  nearly,  and  shjiuld  be  altogether, 
"'  superseded  by  the  equivalent  and  more  ap- 

propriate expressions  of  calyx  aiheretU  in  the  one  case,  and  etdfx 
free  in  the  otlier ;  or  that  of  ovary  coherent  with  the  calyx,  and 
ovary  free  from  the  calyx,  which  is  the  same'  thing  in  other  words. 
467.  The  various  parts  of  the  flower,  thus  consolidated,  may 
sepamte  into  their  integral  elements  at  the  point  where  they  be- 
come free  from  the  ovary,  as  in  Comus  (Fig.  340) ;  or  elee  re- 
main variously  combined;  the  calyx. being  frequently  prolonged 
into  a  tube  with  which  the  petals  and  stamens  cohere,  aa  in  the 
Evening  Primrose  (Ord.  Onagracen),  where  the  united  sepals 
form  a  long  and  slender  tube,  bearing  the  petals  and  stamens,  on 
its  summit.  In  most  cases,  where  the  corolla  is  gamopetalous,  the 
stamens  continue  their  adhesion  to  it ;  while  in  the  Orchis  Family 
they  are  free  from  the  corolla,  but  adherent  to  the  pistil,  or  gytuok- 
drotu. 

466.  ImgnlBlltji  from  unequal  deoelopment  or  vneqval  itmon. 
The  Pea  tribe  afibrds  a  familiar  illustration  of  irregular  flowera 
afiaing  from  the  unequal  size  and  dissimilar  fonn  of  the  floral  en- 
velopes ;  especially  of  the  corolla,  which,  from  a  fancied  resem- 
blance to  a  butterfly  in  the  flower  of  the  Pea,  dtc,  has  been  called 
pafUionaixoiu.    The  petals  of  such  a  corolla  are  distinguished  by 
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wparate  names ;  the  upper  one,  which  is  usually  most  coDspicu- 
ou>,bebg  termed  tbe  vexillum,  itmdard,  or  banner  (Fig.  316,  a) ; 
the  two  lateral  {b)  are  called  toingi  {ala),  and  the  two  lower  (c), 
which  are  usually  somewhat  united  along  their  anterior  edges,  and 


more  or  less  boat<shaped  (Fig.  319),  together  forra  the  keel  {eari- 
■m).  The  sepals,  which  are  coalescent  below  into  a  cup,  are  also 
of  unequal  size  or  somewhat  unequally  united.  But  here  are  all 
ibe  parts  of  a  symmetrical  pentamerous  calyx  and  corolla,  only 
ibey  are  irregular  on  account  of  their  unequal  size,  shape,  or  un> 
ion.  There  is  a  tendency  to  become  regular,  however,  in  some 
Sowers  of  the  same  tribe ;  this  is  slightly  observable  in  Baptisia 
(Pig.  321),  but  is  more  manifest  in  Cercis  (the  Red-bud  or  Judas- 
me),  and  moat  of  ell  in  Cassia  ;  where  tbe  five  petals  are  separate, 
(preadiog,  and  almost  alike  in  size  and  form.  The  irregularity  of 
papQionaceous  flowers  likewise  affects  the  stamens,  which,  although 
of  lyminetrical  number,  viz.  ten,  or  two  circles,  are  in  most  cases 
unequally  diadelphous  (462),  nine  of  them  being  united  by  the  cohe* 
>ion  of  their  filaments  for  the  greater  part  of  their  length,  while  the 

no.  Iir  1  OtKrwIix  tmcli  of  LxtiyiH  mjnlUlB.  319.  Th*  unll*  dJiplaTid :  a,  Ika 
mnim  or  nud^  ;  A,  tba  iIb  «  wlngi ;  e,  Ibt  tm  poali  of  Ih*  urlni  or  kHl.  3IB.  Th* 
MVMk  In  iMr  uunl  ■IliualM.  330.  T1»  UMamm  ud  pIMU,  ■nlarpd ;  Iba  ilwth  sflk- 
■<«•  tBOj  nuDHl  bKk. 
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tenth  (the  posterior)  stamen  is  distinct  or  nearly  so  (Fig.'330).  Bat 
in  Amorpha  (Fig.  323, 
834),  which  belongs  to  ths 
same  family,  an  approach 
to  regularity  is  seen  in  this 
respect,  the  ten  stanieu 
being  united  barely  at  tbeii 
base ;  and  there  is  a  com* 
plete  return  to  regulsrity 
in  those  of  Baptisia  (Pig. 
322),  which  are  perfectly 
distinct  or  separate.  An 
example  of  a  different 
sort  of  irregular  blosscHn 
is  afforded  by  the  Fumi- 
tory Family,  the  structure 
of  which  has  already  been  explained,  especially  as  to  the  stameM 
(455,  Fig.  296).  The  floral  envelopes  of  Dicentia  arc  in  one  view 
regular,  inasmuch  as  the  two  members  of  each  circle  are  alike : 
but  the  exterior  pair  of  petals  is  very  unlike  the  interior  pair ;  snd 
in  Corydalis  and  Fumaria  itself  one  of  the  exterior  petals  is  unlike 
the  other,  rendering  the  blossom  more  conspicuously  and  truly 
irregular.  Here  the  irregularity  Is  combined  with  more  or  lev 
cohesion  of  the  petals ;  although  this  union,  like  that  of  the  two 
keel-petals  of  a  papilionaceous  flower,  is  not  congenital,  but  occun 
subsequently  to  the  development  of  the  organs. 

469.  There  are  many  other  forms  of  irregular  poljfpotaloin 
blossoms,  which  we  cannot  here  separately  explain,  such'as  that  of 
Polygala,  and  that  of  the  Larkspur  and  Monkshood,  both  of  which 
are  farther  complicated  by  the  suppression  of  some  organs,  as  well 
as  by  the  irregular  development  of  others. 

470.  Among  gamopetalous  flowers  the  most  common  case  of 
irregularity  is  that  of  what  are  called  bilahiaU  (or  two-lipped)  co- 
rollas, which  prevail  in  the  Mint  Family,  and  to  some  extent  in 
several  related  families.  Here  the  irregularity  of  form  does  not 
arise  from  the  suppression  of  some  of  the  petals,  as  might  at  fint 

FIQ.  aai.    hpllhmK»BU  Oami  of  B^nl^.     SL  m  mam,  whli  Iht  pMb  tmrnt, 

TIQ.  3a  FloiTuorAinorphi.  20*.  T<H  MOM,  ollh  Ihe  Hillui?  pMl  nmond,  iboiriBf 
Uh  ri^bUj  ID       ' 
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Bgbl  be  supposed,  but  from  their  anequftl  union :  the  upper  lip 
being  formed  I^  the  more  esteosive  cohesion  of  the  two  upper 
petals  with  each  other  than  with  the  lateral  ones ;  which  in  like 
manner  unite  with  the  lower  petal  to  form  the  lower  lip  (Fig. 
367).  But,  ID  some  such  cases,  the  two  upper  petals  do  not 
cohere  with  each  other  as  far  as  they  do  with  the  lateral  ones, 
and,  being  smaller  in  size,  the  corolla  has  the  appearance  of 
wanting  the  upper  Up,  and  shows  a  deep  cleft  in  its  place ;  as  in 
Teucrium  Canadense  {Fig.  881).  The  flowera  of  Lobelia  (Fig. 
785)  exhibit  a  atriking  instance  of  a  similar  kind ;  the  two  upper 
petals  being  united  with  the  lateral  (which  are  still  further  com- 
bined  with  the  lower,  to  form  the  lower  lip),  but  wholly  uncon- 
nected with  each  other;  so  that  the  corolla  appears  to  be  split 
down  to  the  base  on  the  upper  side.  The  Ilgulate  or  strap-shaped 
corollas  of  Composite  are  evidently  formed  in  the  same  way,  as 
if  by  the  splitting,  down  of  a  tubular  corolla  on  one  «de.  In  the 
bilabiate  corolla  of  most  Honeysuckles,  the  upper  Up  consists  of 
four  nniled  petals  j  the  lower  of  only  one  (Fig.  743). 

471.  SnppmtfM  W  ib»tion.  A  complete  flower,  as  already  re- 
marked (416),  comprises  four  whorls  or  sets  of  organs ;  namely, 
calyx,  coroHa,  stamens,  and  pistils :  when  any  of  these  are  want- 
ing, the  flower  is  said  to  be  incomplete.  DeviaUons  resulting  from 
the  non- production  of  one  or  more  of  the  whorls  are  not  uncom- 
mon, and  may  affect  any  of  the  Aoral  organs.  The  calyx,  how- 
ever, is  never  wanting  when  the  corolla  is  present,  or  rether,  when 
the  floral  envelopes  consist  of  only  one  whorl  of  leaves,  they  are 
called  calyx,  whatever  be  their  appearance,  texture,  or  color.  For 
nnce  the  calyx  is  frequently  delicate  and  petal-like  (in  botanical 
language  petaloid  or  colored),  and  the  corolla  sometimes  greenish 
or  leaf-like,  the  only  real  difierence  between  the  two  is,  that  the 
calyx  represents  the  outer,  and  the  corolla  the  inner  series ;  and 
even  this  distinction  becomes  more  or  less  arbitrary  when  either, 
or  both,  of  these  organs  consist  of  more  than  one  circle.  The  ap- 
parent obliteration  of  the  calyx  in  some  cases  is  owing  to  the  en- 
tire  coheuon  of  the  tube  with  the  ovary,  and  the  reduction  of  the 
free  portion,  or  limb,  to  an  obscure  ring  or  border,  either  slightly 
toothed  or  entire,  as  in  Aralia  (Fig.  316),  Fedia  (Fig.  764),  &c. 
Id  Compositie,  the  partially  oblitemted  Kmb  of  the  calyx,  when 
present  at  all,  consists  of  scales,  bristles,  or  a  ring  of  slender  hairs 
(as  in  the  Thistle),  and  receives  the  name  otp<^ftu. 
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473.  The  petals,  howerer,  are   frequently  absent ;    when  the 
flower  is  said  to  be  t^aloua,  as  in  the  Anemone  (Fig.  325),  Ctem- 
atia,  Caltha,   Stc.,   in    the    Crowfoot 
Family,  other  genera  of  which  are 
furnished  with  both  calyx  and  corol- 
la ;  as  in  some  species  of  Buckthom, 
while  others  bear  petals;  as  in  out 
Northern  Prickly  Ash*  (Fig.  641, 
6^),  while  the  petals  are  present  in 
the    Southern    species.     They   are 
constantly  wanting  in  a  large  num- 
ber of  families  of  Exogenous  plants, 
which  on  this  account  fonn  the  di- 
vision Apeiala.    When  the  calyx  is  present  while  the  corolla  is 
wanting,  the  flower  Is  said  to  be  monochlamsdeous,  that  is  with  a 
perianth  (417)  or  floral  envelope  of  only  one  kind ;  as  in  the  cases 
above  mentioned.    But  sometimes  both  the  calyx  and  the  conJla 
are  entirely  wanting,  as  in  the  LizardVtail  (Fig.  1021),  when  the 
flowers,  being  destitute  of  floral  envelopes,  are  termed  achlamyde' 
oi».    The  essential  organs  (416)  are  nevertheless  present  in  these 
cases,  so  that  the   flower  is  perfect  (or  bitaautl),  although  ta- 

473.  A  still  further  reduction,  however,  occurs  in  many  plants; 
where  even  these  essential  organs  are  not  both  present  in  the  same 
flower,  but  the  stamens  disappear  in  some  flowers,  and  the  pistils 
in  others.  Such  flowers  are  said  to  be  dicUnoiu,  tmuexwd,  or 
$eparated ;  that  which  bears  stamens  only  is  termed  rteriU  or 
(famtnoic,  and  that  provided  with  pistils  only,  fertile,  or  ptf- 
tUlate.  This  separation  of  the  essential  organs  is  very  fre- 
quently met  with  where  one  or  both  of  the  floral  envelopes  are 
present,  as  in  Menispermum  (Fig.  495,  497)  and  Prickly  Ash 
(Fig.  641,  642) ;  but  when  these  are  absent,  it  presents  instances 
of  the  greatest  possible  reduction  of  which  the  flower  is  suscepti- 


*  In  our  Northera  Zsotboxrlnm  the  monochlsm^deoBt  periinth  irbidi  ii 
pretest  ouij,  bowever,  be  jnatl;  betd  to  be  the  coroll*,  and  not  Uie  calyx,  >«■ 
caaM  tbe  five  itameiis  sltcnuta  with  it,  jnit  m  thej  do  «ritb  the  nadoii1M<l 
petals  of  Z.  Csrolinuniuii :  is  thit  caie,  therefore,  we  ma;  mj  that  the  rstjx, 
■nd  not  the  corolla,  u  inppreued.    See  Gai.  lUuttr.,  2,  p.  118,  tab.  156. 
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Ue.*  An  example  of  the  kind  is  furnished  by  Ceratiola  (Rg. 
1036-  1QS9),  the  sterile  flowers  of  which  consist  merely  of  a  couple 
of  stameDS  situated  in  the  axil  of  a  bract ;  and  the  fertile,  of 
ft  pistil  surrounded 
b;  similar  bracts. 
h  the  Willow  (Pig. 
3S6-329),  which 
presents  a  more  fa* 
miliar  illustration, 
ibe  sterile  flowers 
likewise  consist  of 
two  or  three  stamens 
mthe  axilof  bracta, 
which  form  a  catkin 
(391) ;  and  the  fer- 
tile, of  solitary  pis- 
tils aUo  subtended 
by  bracta,  and  dis- 
posed likewise  in  a 

catkin.   That  is,  the  _ 

flowers  are  not  only 

wholly  destitute  of  floral  envelopes  (unless  a  little  glandular  scale 
00  the  upper  side  should  be  a  rudimentary  perianth  of  a  single 
piece),  but  In  one  set  of  blossoms  the  stamens  are  also  suppressed, 
utd  in  another,  the  pistils.  The  pistillate  flowers  are  reduced  to  a 
sngle  pistil.  The  atamena  vary  in  number  in  different  species, 
lioni  two  to  iive.  If  there  were  only  one  of  the  latter,  an  instance 
would  be  afibrded  of  flowers  reduced,  not  merely  to  one  kind  of 
organ,  but  to  a  single  organ.  Now  there  is  one  species  of  Willow, 
which  appears  to  have  a  solitary  stamen  in  its  slaminate  flowers. 


*  Gmpt,  perbapg,  in  what  are  csHed  nnOnd  JUnoen,  tach  as  tboie  which 
Knpj  lbs  mai^a  of  the  cjniei  of  Mvenl  Vibnnmnii  and  Hjdrangeai,  or 
enn  ihe  whole  clnster  in  monitroiu  statea,  aa  in  the  Snowtwll  or  Goelder  Roae 
of  Ilia  gardeni  (Tibnrnnm  Opulas),  and  the  cnltdTstcd  Hjdnngea,  which  con- 
•in  of  Bond  enrelopea  onlj,  with  aometimes  mere  rudiments  of  itamens  or  pii- 
<■■■■  Of  the  same  kind  are  the  nettfrol  JlonU  of  Compositra,  mch  ai  the  mer- 
(iul  Sowen,  or  rr^,  of  the  Sonflower. 


no.  3».    A  ouitin  ol 
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and  has  thoTefora  been  named  Salbi  moDandra.  But  <m  inspec- 
tion this  seeminftly  single  stamen  is  found  to  oonnA 
of  two  united  quite  to  the  lop  (Fig.  330).  Here,  as  in 
many  other  cases,  the  normal  condition  of  the  flower  is 
not  onljr  much  altered  by  the  suppression  of  some  organs, 
but  disguised  by  the  coalescence  of  those  that  remain. 
The  blossoms  of  the  Birch  are  very  similar,  except  that 
three  pistils,  the  sole  representatives  of  as  many  flowers, 
"        are  found  under  each  bract  of  the  fertile  catkin. 

474.  When  the  stamens  and  pistils  are  thus  separated,  the  two 
kinds  of  blossoms  may  be  borne,  either  upon  difibrent  points  oi 
branches  of  the  same  individual,  or  upon  entirely  different-  individ- 
ual plants.  The  flowers  are  said  to  be  maiuecious  when  both  kinds 
are  produced  by  the  same  individual  plants ;  aa  in  Indian  Com,  the 
Birch,  the  Oak,  Beech,  Hazel,  Hickory,  &c. :  and  they  are  called 
diaciotu  when  borne  by  difierent  individuals ;  aa  in  the  Willow 
and  Poplar,  the  Sassafras,  the  Prickly  Ash,  the  Hemp,  Hop,  Ate 
In  many  cases,  while  some  of  the  flowers  are  staminate  only,  and 
others  pistillate  only,  a  portion  are  perfect,  the  diflerent  kinds  oc- 
curring  either  on  the  same  or  diflerent  individuals ;  as  in  moat 
Palms,  in  many  species  of  Maple,  &c. :  plants  with  such  flowers 
are  said  to  be  polygamout. 

475.  The  term  tuppre*Hon  in  all  such  cases  merely  denotes 
that  the  parts  in  question  are  wholly  left  out  It  is  the  non-pro- 
duction of  some  organ  or  set  of  organs  which  forms  a  component 
part  of  our  pattern  plan  of  the  flower,  and  which  is  realized  in  tbs 
complete  flower.  The  term  abortion,  which  ia  often  used  with 
.exactly  the  same  meaning,  is  more  properly  applied  to  those  cases 
where  the  organ  is  deformed  or  imperfect  (where  a  sterile  fila- 
ment, for  example,  occupies  the  position  of  a  stamen),  or  where  a 
mere  rudiment  marks  the  place  of  a  non-developed  organ. 

476.  The  suppression  or  abortion  of  a  whole  circle  of  oi^ns  in 
a  symmetrical  flower  does  not  destroy  its  symmetry,  if  we  count 
the  absent  members.  Thus  a  monochlamydeous  flower,  with  a 
single  full  circle  of  stamens,  usually  has  the  latter  placed  oppo«te 
the  leaves  of  the  perianth,  that  is,  of  the  calyx,  the  corolla  or  in- 
tervening circle,  witii  the  members  of  which  it  normally  alternates, 
having  failed  to  appear ;  as  in  Comandra  (Fig.  1004),  Chenopo- 
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dinm,  vid  tbe  Elm  (whenever  ita  blossoms  bare  only  one  Mt  of 
HanwDS,  Fig.  338). 

477.  But  when,  with  the  abortiMi  of  the  primary  circle,  say  of 
tbe  sMmens,  we  hare  an  augmentation  of  one  or  more  additional 
circles  of  the  same  kind  of  organ,  the  law  of  alternation  appears  to 
be  violated ;  the  stamens  that  are  present,  or  the  outer  circle  ot 
tbem,  standing  opposite  the  petals,  instead  of  alternate  with  them, 
h  is  customary  to  assume  this  explanation  for  all  cases  of  tbe  op- 
position of  the  stamens  to  the  petals,  whedier  in  the  Primrose  Fam- 
ily, in  Claytonia,  in  the  Vine  (Fig.  334)  and  Buckthorn  (Fig.  314), 
or  in  Byttneriaceie,  ,^. :  but  considerations  which  have  already 
been  adduced  indicate  a  difierent  explanation  for  many  of  them 
(459).  It  can  no  longer  be  deemed  sufficient  to  assume  the  oblit- 
eration of  a  normal  floral  circle,  and  the  production  of  another 
ooe,  when  no  traces  of  the  former  are  to  be  detected  and  no  clear 
snalt^sbowQ  with  some  strictly  paraller  instance.  But  we  may 
confidently  apply  this  view  when  we  find  traces  of  the  obliterated 
or  abortive  organs,  as  in  the  Geranium  Family,  for  example. 
Tbe  pentamerous  flower  of  Geranium  (Fig.  633)  exhibits  ten 
Munena  in  two  rows,  distinguished  by  their  diSerent  length,  the 
five  of  the  exterior  circle  being  shorter  than  the  others.  One  set 
of  these  stamens  alternates  with  the  petals,  the  other  is  opposed  to 
tbem;  which  would  appear  to  conform  to  the  law  of  alternation. 
Bui,  on  closer  examination,  we  see  that  it  la  the  inner  circle  of 
ttamens  that  alternates  with  the  petals ;  those  of  the  outer  circle 
Hand  directly  before  them.  This  is  a  not  uncommon  cose  in 
difloitemonout  floweis  (viz.  in  those  which  have  twice  as  many 
UaineDs  as  there  are  petals  or  sepals).  In  this  instance  the 
explanation  of  the  anomaly  is  furnished  by 
ibe  five  little  bodies,  called  by  the  vague  and 
coavenient  name  of  glands,  which  stand  on 
tbe  receptacle  between  the  petals  and  the  sta- 
meng,  and  regularly  alternate  with  the  for- 
mer. They  accordingly  occupy  the  exact  po- 
■itioD  of  the  original  stamineal  circle  :  where- 
fore, as  situation  is  the  safest  guide  in  deter-  "* 
mining  the  nature  of  organs,  we  may  regard  them  as  the  abortive 
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rudiments  of  the  fi«  proper  stamens,  which  here  remain  unde- 
veloped.  In  the  annexed  diagram  {Fig.  331)  iheae  are  accord- 
ingly laid  down  in  the  third  circle,  aa  five  small  oval  spots,  slightly 
shaded.  The  actual  stamens  consequently  belong  to  two  aug> 
mented  circles,  those  of  the  esterior  and  shortor  set  of  which  (rep. 
resented  by  the  larger,  unshaded  figures),  normally  alternating 
with  the  glands,  are  of  courw  opposed  to  the  petals,  and  those  of 
the  inner  and  larger  set,  normally  alternating  with  the  preceding, 
necessarily  alternate  with  the  petals.  This  view  is  further  eluci- 
dated hy  the  closely  allied  genus  Erodium,  where  all  the  parts  are 
just  the  same,  except  that  the  five  esterior  actual  stamens  are 
shorter  still,  and  are  destitute  of  anthent ;  that  is,  the  disposition  to 
suppression  which  has  caused  the  obiiteratioo  of  the  primary  circle 
of  stamens,  and  somewhat  reduced'lhe  second  in  Geranium,  has  in 
Erodium  rendered  the  latter  abortive  also,  leaving  those  of  the 
third  row  alone  to  fulfil  their  proper  office.  It  is  just  the  same  in 
the  Flax  Family,  except  that  the 
glands  which  answer  to  the  primary 
suppressed  stameos  are  still  less  con- 
spicuous, and  those  of  the  nest  drcle 
are  reduced  to  very  small  abortive 
fitamenla,  or  to  minute  teeth  in  the 
ring  formed  by  the  union  of  all  the 
filaments  into  a  cup  at  the  base,  leaving  five  perfect  stamens,  which,  ^ 
though  they  alternate  with  the  petals  indeed,  belong  to  a  third  cir- 
cle (Fig.  333,  333).  In  a  few  species  of  Flax,  the  second  circle 
of  stamens  is  perfectly  obliterated,  so  that  no  vestige  is  to  be  seen. 
478.  The  case  is  diSerent  in  the  Buckthorn  Family  and  in 
Byttneriacete,  where  we  cannot  but  consider  the  stamens  which 
alone  appear,  and  stand  singly  before  the  petals  (with  which  they 
are  frequently  connected  at  the  base),  as  belonging  to  the  cartA- 
line  circle  (459).  Here  the  symmetrical  alternation  is  interfered 
with  first  by  chorisis,  and  then,  that  process  having  given  an 
abnormal  set  of  stamens,  by  the  total  suppression  of  the  real 
stamineal  circle,  aa  in  the  Buckthorn  Family,  i.c.,  or  their  abo^ 
tion,  and  reduction  to  sterile  rudiments,  as  in  many  ByttneriacetE ; 
while  in  others  the  genuine  circle  of  stamens  appears  as  an  inner 
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suies.     In  the  same  way  we  incline  to  explain  ihe  opposition 

of  the  stamens  to  the  petals  in  the 

Grape-vine  also  (Fig.  834- 336);  in-  *"  ,       ■"     " 

aimuch  as  llie  five  glands  (represent- 
ed by  the  small  shaded  figures  in  the 

diagram.  Fig.  336)  which  alternate 

with  the   petals  clearly  belmig  to  a 

cirde  within  the  actual  stamens,  while 

there  are  do  vestiges  outside  of  them. 

The  glands,  therefore,  would  seem 

to    represent    the    proper  stamineal 

circle,  in  an  undeveloped  stale,  re- 
duced   to    these    rudiments   or  to  a 

tobed  disc. 

479.  The  stamens  of  the  Barberry  _ 

(Fig.  505)  are  in  appearance  only, 

but  not  really,  opposed  to  the  petals,  and  the  petals  to  the  sepals. 
Here  the  appearance  is  caused,  not  by  the  suppression,  but  by  the 
symmetrical  augmentation  of  the  floral  envelopes  and  of  the 
stamens.  The  calyx  consists  of  two  alternating  circles  of  sepals, 
three  in  each ;  the  corolla  of  two  circles  of  petals,  three  in  each ; 
the  three  exterior  petals  alternating  as  they  should  with  the  inner 
dicle  of  sepals,  and  the  three  interior  ones  alternating  with 
these.  But  when  the  flower  opens,  Ihe  six  petals,  spreading  appar- 
ently as  one  whorl,  are  necessarily  opposed  to  the  six  sepals ;  and 
the  six  stamens  in  two  cirelea,  which  are  still  more  confluent 
into  one  whorl,  are  equally  opposed  to  these,  taken  six  and  six; 
but  they  really  alternate  in  circles  of  threes.  In  other  words,  de- 
Gonating  verticils  of  threes  necessarily  form  six  vertical  ranks 
(251,  441).  It  is  just  the  same  in  the  Lily,  Crocus,  and  roost 
Hooocotyledonous  plants ;  where  the  perianth  is  composed  of  six 
leaves  in  two  circles,  and  the  androecium  of  six  stamens  in  two 
circles,'  giving  a  regular  alternation  in  threes ;  although,  taken  as 
tvo  6-merous  circles,  we  have  a  stamen  before  each  leaf  of  the 
perianth. 

460.  The  symmetry  of  the  flower  is  more  frequently  and  seri- 
ouriy  obscured  by  the  suppression  of  a  part  of  the  members  of  the 
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Kune  circle,  thao  from  aoy  other  kind  of  deviatbo.  The  tendescy 
lo  such  obliteration  ipcreasea  as  we  advance  towarda  the  centre  of 
the  blossom,  owing,  doubtless,  to  the  greater  pressure  exerted  on  the 
central  pjirts  of  the  bud,  and  the  progressively  diminished  space 
the  organs  have  to  occupy  ea  the  conical  receptacle.  So,  while 
the  corolla,  when  present  at  all,  almost  aln-aye  consiata  of  as  many 
leaves  as  the  calyx,  the  members  of  the  stamloeal  circle  or  circles 
are  frequently  fewer  in  number  (although  from  their  form  they  oc- 
cupy much  less  room  than  the  petals),  and  the  pistils  are  still  more 
commonly  fewer,  excepting  where  the  axis  is  prolonged  for  the 
reception  of  numerous  spiral  cycles.  Thus,  the  pistils,  which  pra- 
>eni  their  typical  number  in  Sedum,  and  all  Crassulaceous  plants 
(Fig.  256,  2T7,  263-290],  are  reduced  to  two,  or  rarely  three, 
in  the  allied  Saxifragaceous  Family,  while  the  other  floral  circles 
are  in  fives.  So^  in  Aralia  (the  Wild  Sarsaparilla  and  Spikenard], 
the  flowers  are  pentaroerous  throughout,  although  the  ovaries  of 
the  five  pistils  are  united  into  one  (Fig.  316)  ;  hut  in  Panax,  our 
other  genus  of  the  same  family,  they  are  reduced  to  three  in  the 
Ground-nut,  and  to  two  in  the  Ginseng,  as  also  in  all  Umbelliferoos 
plants.  Although  the  pistils  are  indefinitely  augmented  in  the 
Rose,  Strawberry,  and  the  greater  part  of  Rosaceous  plants,  or  of 
the  noniiai  number  five  in  Spirtea,  yet  there  are  only  two  in  Agri- 
monia,  one  or  rarely  two  in  Sanguisorba,  and  uniformly  one  in  tbe 
Plum  and  Cherry,  although  the  flowers  of  the  whole  order  are 
formed  on  the  pentamerous  or  aometimes  the  tetramerous  plan, 
with  a  strong  tendency  to  augmentation  of  all  the  oi^ns.  Aad 
the  Pulse  Family  has,  almost  without  exception,  five  members  In  its 
floral  envelopes,  and  ten,  or  two  circles,  in  its  stamens,  but  only  a, 
ungle  pistil  (Pig.  282).  A  flower,  it  may  here  be  added,  is  isom- 
erotu  (that  is,  of  equal  members)  when  it  presents  the  samo 
number  in  all  its  floral  cireles,  —  a  term  therefore  equivalent  wilb 
symmetrical,  —  and  am*om(rota  when  the  number  of  parts  is  dif- 
ferent in  some  of  the  circles. 

481.  As  to  the  stamens,  it  may  be  remarked  that  they  are  usu- 
ally symmetiical  and  regular  when  the  floral  envelopes  are  regu- 
lar (although  the  common  Chickweed  and  the  Maple  are  excep- 
tions to  this  rule)  ;  while  they  strongly  tend  to  become  unsymnwt- 
rical  by  abortion  or  irreguiar  (that  is.  of  unequal  size  or  shape) 
when  the  calyx  and  corolla  are  irregular,  or  the  whole  is  oblique 
in  the  bud  ;  the  diflerent  stamens  at  the  time  of  their  development 
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being  therefore  placed  in  unlike  condilioos  in  such  cases,  so  as  to 
htor  the  growth  of  some  of  them,  sad  to  arrest  or  restrain  others, 
eidter  by  pressure  or  by  the  abstraction  of  nourishmenL  Compare 
is  this  respect  the  more  or  less  irregular  corolla  of  Scrophularia- 
ceous  plants  (Fig.  854-861)  with.their  stamens.  The  Mullein 
(Verbascum)  is  one  of  the  few  genera  of  that  family  which  has  as 
many  stamens  as  there  are  petals  in  the  compositioD  of  its  corolla, 
and  sepals  in  its  calyx :  but  even  here  they  are  unequal,  and  the 
posterior  ones  usually  bear  imperfect  or  deformed  anthers.  In 
other  instances,  where  the  five  stamens  are  all  present,  indeed,  the 
posterior  one  is  either  changed  into  a  bearded  sterile  filament,  as 
in  PentstemoD  and  Chelone,  or  reduced  to  a  mere  rudiment,  as  in 
tome  Snapdragons ;  or  to  a  deformed  filament  adherent  to  the  co- 
rolla, and  bearing  a  scale-like  body  in  place  of  the  anther,  as  in 
Scrophularia.  The  four  remaining  perfect  stamfius,  in  these  cases, 
sod  neariy  throughout  the  order,  are  unequally  developed ;  two  of 
them  being  longer  than  the  remaining  pair ;  aa  in  Chelone,  above 
cited,  in  Gerardia,  &c. :  the  same  thing  is  observed  in  most  plants 
of  the  related  orders  Acanthacete,  Bignoniacen,  Orobanchacete 
(Fig.  850),  Verbenaceffi  (Pig.  863-865),  and  Labiatie  (Pig.  872- 
864).  In  such  cases,  viz.  where  of  four  two  are  long  and  two  are 
shorter,  the  stamens  are  said  to  be  didynamota.  Not  unfrequeot- 
ly,  a  further  suppression  takes  place,  and  the  two  shorter  of  these 
Uamens  either  entirely  disappear ;  as  in  the  Sage,  Monarda,  Lyco- 
pusVirginicus,  &.C.  among  Labiatte,  and  Giatiola  Virginica,  &.c. 
among  the  Scrophulariacen ;  or  else  are  reduced  to  mere  sterile 
filaments,  such  as  those  which  may  commonly  be  observed  in 
Giattola  aurea,  in  the  Wild  Pennyroyal  (Hedeoma),  and  in  many 
other  Labiate  plants. 

463.  The  obliteration  of  one  or  more  members  of  the  corolla 
fellows  the  same  laws.  The  loss  of  a  petal  from  the  circle  is  a 
case  of  irregularity  from  unequal  growth  carried  to  the  greatest 
possible  extent,  or  an  arrest  of  the  development  of  an  organ  from 
aa  early  period,  tmd  we  may  sometimes  trace  the  gradation  in  re- 
lated plants  from  the  diminution  or  dwarfing  of  certain  organs  to 
their  total  suppression.  Thus,  the  papilionaceous  corolla  (468)  of 
Erythrina  berbacea  has  its  five  petals,  but  four  of  them  (all  except 
the  posterior  or  vtxillum)  are  small  and  inconspicuous:  in  Amor- 
pba  (Pig.  323),  these  same  four  disappear  altc^ther,  and  the  pa- 
pilionaceous corolla  is  reduced  to  its  vexillum  alone.    In  some 


,y  Google 


272  THE   FLOWBft. 

cases,  the  obliteratiun  or  dimiaution  may  be  attributed  to  local 
pressure  or  obstnictioD  of  the  light,  acting  uniformly  in  all  instaa* 
ces,  from  some  constant  cause.  Thus  the  marginal  or  ray  flowen 
■  of  the  dense  head  in  Compoeits  (as  in  the  A«ter,  Sunfiower,  Cen- 
taurea,  &.c.)  are  not  only  much  lai^r  than  those  of  tbe  central  oi 
disc  flowers,  which  are  much  pressed  together,  but  their  piincipal 
development  is  exienial.  It  is  the  same  in  the  similar  head  of  the 
ScaUous ;  where  the  marginal  corollas  are  not  only  the  larger,  bat 
their  exterior  lobes  or  petals  are  much  larger  than  the  inner,  whtch 
are  dwarfed,  as  it  were,  by  the  pressure  on  that  side.  In  other 
cases,  however,  we  cannot  give  any  such  mechanical  explanation. 
In  our  Buckeyes,  for  example,  the  whole  five  petals  are  occasion- 
ally  present,  as  they  are  uniformly  in  the  Horsechesinut  (another 
species  of  the  same  genus) :  but  more  commonly  a  vacant  space 
marks  the  place  from  which  the  anterior  petal  has  dlaappearad 
(Fig.  658).  There  is  also  a  suppresMon  of  two  or  three  stameoi 
out  of  Ihe  two  circles  of  those  oi^ns. 

483.  A  few  diagrams  will  exhibit  some  of  the  stages  of  suppres- 
sion, from  the  complete  and  symmetrical  to  the  most  reduced  con- 
dition of  the  flower.    The  diagram.  Fig.  337,  well  enough  exhituts 
the   grouDd>p)an  of 
^      -^.         /^^^-"^^^        ■^'     ^v        a  6-merous  complete 
/T'^^^Vv   //     °     Y\  /o     "     A      flower,  symmetrical 
|f^C)°l)(l°co''il(l    <=«  °;l      in  all  its  parts,  ex- 
\\  o     oy/   Vv°      °//   \>°      °0      cept  that  the  pisdls 
XS-  -^X      ^C^r:^^      ^C"J!^-^        are    reduced    from 
**'"'"  five  to  two;  as  in 

SuUivanlia  (Fig.  7S3).  Fig.  338  is  a  diagram  of  a  similar  fiow- 
er,  except  that  the  petals  are  absent  (the  place  they  should  oo- 
cupy  is  denoted  by  the  five  dotted  lines) :  this  corresponds  widi 
the  Elm  (when  peniandrous),  and  to  Chrysosplenium,  which  is  of 
the  same  family  as  SuUivantif ,  only  that  there  the  sepals  Bud  sta- 
mens are  in  fours,  —  one  being  left  out,  perhaps  we  may  say, 
from  each  circle.  Fig.  339  is  a  ground-plan  of  the  flower  of  tbe 
1  Claytonia,  or  Spring  Beauty  (Ord.  Portulacacete),  the 
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tbg  propsr  p«IUon  of  iIm  (UpprHMl  psull. 
F[G.  339,    Orouad-pluior  i)ulkiK«'or  Oijlonli;  thsouur 

two  »pab ;  iht  ma  Ht  the  CDrotLi  of  tn  petili ;  neil  in  Iba 

■Dd  DAit  ttM  oTvjj  aomyot*d  of  thno  pHm, 
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ornament  of  our  vernal  woods ; — a  complete  and  regular,  but  re- 
marbsbly  unsjrmmetrical  bloesom,  only  two  of  the  four  circlea 
having  the  same  number  of  members,  and  one  of  those  (the  sta- 
mens) being  abnormal  in  position.  There  are  only  two  sepals : 
within  these  are  five  petals:  within  and  oppoiite  these  are  five 
stamens;  so  that  the  primary  stamineal  circle  is  suppressed,  and 
those  present  belong  to  a  second  circle  ;  or,  which  is  more  likely, 
as  they  cohere  at  the  base  with  the  claws  of  the  petals,  they  may 
arise  from  a  chorisis  of  the  petals  themselves :  and  in  the  centre 
there  are  three  pistils  with  their  ovaries  combined  into  one.  Fup* 
iher  examples  will  illustrate  those  graver  suppressions  which  ren- 
der the  flower  incomplete,  and  finally  reduce  it  to  a  minimum. 
In  the  Elm  (Fig.  1013),  the  petals  entirely  disappear,  and  the 
pistils  are  reduced  to  two,  both  of  which  are  abortive  in  a  part  of 
the  flowers,  and  one  always  disappears  in  the  fertile  flowers  dur- 
ing (he  formation  of  the  fruit.  The  occurrence  of  numerous  cases 
where  parts  that  actually  exist  in  the  pistil  at  the  time  of  flowering 
are  obliterated  in  the  fruit,  justifies  the  use  of  the  term  lupprestum 
in  the  case  of  parts  which,  though  requi»te  in  the  ideal  plan,  are 
left  out  in  the  execution.  Our  Prickly  Ash,  as  already  slated 
(472),  not  only  wants  one  circle  of  floral  envelopes  altogether 
(which,  however,  appears  in  the  species  of  the  Southern  States), 
but,  being  dimciouB  (474),  the  stamens  also  disappear  in  all  the 
flowers  of  one  tree,  while  the  pistils  are  all  abortive  in  those  of 
another  individual.  In  the  Bh1e  (Fig.  973,  974),  where  the 
plan  is  trimeipus,  the  petals  and  two  of  the  stameos  are  entirely 


wanting ;  as  the  annexed  diagram  (Fig.  340)  shows.    In  the  Cal- 
litriche  (FJg.  1029-1033),  where  the   plan  is  tetramerous,  the 

PIG.  340.    Dtifrunofllw  rediu»dllow«'of  Blllum. 

FIO.  3ti.  Dli«nRiorii))erlecllloRgrt>rCdUiricb«,wblchbuiio  Bonl  imnlopH,  i  ilafl* 
■Unm,  and  >  louruUiid  pliul. 

FIO.  343.  DliinmorikHDioimkHlknnniif  Euphoilil*:  a,  tbe  plHlllMe  Sown  nduod 
taaii»nihrs««IM|rinlh  ud  »,  ong  or  Uh  •Umliuis  fluwua  radaui]  u>  i  ilngLe  nwiMn. 

PHI.  m  DUfnmi>'ilMdi<KlouiBoinnorLkMWiUi>if :  a,oDaofihapinlUEU  OoIn^I•■ 
te»l  lo  ■  •oUiuj  piaUl;  i.atuaiiiuuBowuTgdiKMliaaiialcof  ■UDWW. 
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calyx  Rnd  the  corolla  wholly  ditapear,  as  well  as  all  the  stameiH 
but  one  (Pig-  341) ;  and  ereo  this  Btamen  is  wanting  in  some  of 
the  flowers  on  the  same  stem,  while  other  flowers  consist  of  a  sin- 
gle stamen  only.  This  hringa  us  to  a  case  like  that  of  Euphorbia 
(Pig.  344-348,  illustrated  by  the  diagram,  Fig.  342),  the  great!; 
disguised  structure  of  which  would  be  certainly  misapprehended, 
without  special  study.  Nearly  the  furthest  possible  reduction, 
perhaps,  ia  seen  in  the  Willow  (Fig.  326-329),  where  the  etami- 
nate  and  pistillate  flowers  are  distributed  to  different  individual 
trees,  the  first  reduced  usually  to  a  pair  of  stamens,  and  the  sec* 
ond  to  a  single  pistil.  The  plan  is  represented  in  the  diagram. 
Fig.  343. 
464.  A  full  illustrative  series  of  almost  all  the  kinds  of  deviation 


e  have  mentioned,  hut  especially  of  simplification  through  s 
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eessire  auppreswons,  mighl  be  dnwD  from  plants  of  the  Euphor* 
biaceouB  Funil)r.  Among  them  wr6  complete  and  perfect  flowers, 
incomplete  aod  perfect  flowers,  and  achlamydeous  and  sepanled 
floweis,  both  moDCBcious  and  di<Bcioiis.  Of  these,  the  Btaminato 
fiowera  in  some  species  are  reduced  to  a  single  stamen,  either  ses-. 
sile  or  on  a  pedicel,  id  the  asil  of  a  bract ;  and  the  pistillate,  either 
to  one  simple  pistil,  or  to  a  compound  pistil  formed  of  two  or  three 
simple  ones  combined.  A  cluster  of  such  axillary  achlamydeous 
SoweiB,  each  of  a  single  stamen,  collected  at  the  base  of  the  pedi- 
cel of  a  terminal  achlamydeous  pistillate  flower  of  three  coalescent 
pistils,  and  surrounded  by  an  involucre,  —  the  several  leaves  of 
which  are  ccaleacent  below  into  a  kind  of  cup,  —  forms  the  inflo' 
racence  of  Euphorbia,  which,  until  explained  by  Mr.  Brown,  was 
mistaken  for  a  smgle  anomalous  blossom  (Pig.  344-349). 

485.  Abortive  or  unusually  shaped  petals  were  called  Nbciabies 
by  the  earlier  botanists,  whether  they  secreted  honey  or  had  a 
glandular  apparatus,  or  not.  This  name  was  applied  to  the  five 
gpur-sbaped  petals  of  the  Columbine  (Pig.  480,  461),  where  the 
Soral  envelopes  are  ^mmetrical  and  regular,  all  the  petals  being 
tlike,  although  of  an  extraordinary  form  ;  and  also  to  the  four 
deduced  and  deformed  petals  of  the  unsymraetrical  and  irregular 
Sower  of  the  Larkspur,  where  two  of  the  petals  are  spur-shaped 
and  received  into  the  conspicuous spurof  the  calyx, while  the  other 
pair  are  of  a  difierent  and  more  normal  form.  In  the 
nearly  related  Aconite,  where  three  of  the  five  petals  are 
obliterated,  the  two  that  remain  (the  nectaries,  as  they 
have  been  called)  have  assumed  a  shape  so  remarkable 
(Pig.  350),  that  their  real  nature  could  only  be  recognized 
by  the  position  they  occupy.  Their  appeaiance  ia  rather 
that  of  a  deformed  stamen.  A  sterile  or  deformed  sta- 
nien,  destitute  of  an  anther,  or  a  body  that  occupied  the 
normal  place  of  a  stamen,  or  is  intermediate  in  appear- 
ance and  situation  between  a  petal  and  a  stamen,  is 
Bometimea  called  a  Stahinodiux  (literally  a  stamen>like 
body).  Staminodia  occur  naturally  and  uniformly  in 
many  plants.  In  cultivated  lemi-douile  flowers,. such 
transition  states  are  eiztremely  common,  aa  in  the  Lark- 
^urs.  Columbines,  &c.  of  the  gardens. 


n-fhdptd  {nutaoTAuinliuir 


,y  Google 


S7e  THB  FLOWBL 

486.  iliunul  Bllta  ri  the  Itccptuk  of  the  flower  Temain  to  be 
mentioned,  as  obacaring  more  or  less  the  normal  condition,  or  u 
giving  a  eingalar  appearance  to  the  blossom.     One  of  the  moat 
remarkable  cases  of  the  enlai^ment  of  the  receptacle  is  that  of  tbe 
Nelumbium,  where  it  is  dilated  into  a  large  top-shaped  body,  nearly 
inclosing  the  pistils  in  separate  cavities 
(Fig.  351).    Sometimes  it  is  hollowed  out 
above,  as  well  as  dilated,  as  in  the  Rose, 
where  the  whole  receptacle  expands  ioio 
an  um-shaped  disc,  invested  t^  the  ad< 
Date  tube  of  the  calyx,  and  bearing  tbe 
petals  and  stamens  on  its  border  and  tbe 
DUmerous  pistils  on  the  concave  surface 
„  (E^ig>  684).     Il  is  much   the  same  in 

Calycamhus  (Fig.  690-695).    In  Gen- 
nium,  and  many  allied  plants,  the  receptacle,  which  elevates  tbe 
ovaries  nwre  or  less,  is  prolonged  between  them,  aod  eoberes 
with  their  styles  (Fig.  635).     There  is  nearly  a  similar  pro- 
longation in  Euphorbia  (Fig.  348).    Here  there  is  some  develop- 
ment of  the  axis  beyond  the  proper  insertion  of  tbe  floral  organs. 
Usually  the  floral  intemodes  remain  undeveloped  or  extremely 
short,  like  those  of  scaly  leafbuds  (Fig.  127).    But  now  and  then 
some  of  them  are  elongated  ;  as  in  the  Pink  and  Silene,  where  the 
intemode  between  the  calyx  and  the  co- 
roll^  forms  a  conspicuous  stalk,  elevat- 
ing  the  other  parts  of  the  flower  in  the 
tube  of  the  calyx  ;  while  in  many  Gen. 
tians  (Fig.  947)  the  intemode  above 
tbe  circle  of  stamens  is  developed,  rais- 
ing tbe  pod  on  a  stalk  of  its  own.   This 
is  a  common  iHtae  in  the  Caper  Family ; 
in  which  the  genus  Gynandropsis  (Fig. 
S52)  exhibits  a  remarkable  develop- 
ment of  the  whole  receptacle.    It  is  en- 
larged into  a  flattened  disc  where  it 
bears  the  petals,  and  is  then  prolonged  '"■ 

into  a  conspicuous  stalk  which  bears  the  stamens  (or  rather,  perhaps, 

Fia.  351.    Tha  nilirgal  mupucli  of  Nelumlntini, 

Fia,  3S2.    Flower  of  OfnuidniHli,  ihowlng  id  ilonsBUd  ncipucla,  wUcb  m^aaUt  lb 
dlfbnol  Bot*  ot  orpuw. 
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to  which  the  bases  of  the  stameDfl  are  annate),  and  then  idIo  a  short- 
er aod  more  riender  slalk  for  the  piBtil ;  thus  separatiag  the  four 
circles  or  sets  of  organs,  like  so  many  whorls  of  verticillate  leaves. 

487.  The  common  name  for  this  kind  of  stalk,  as  contradlft- 
tinguished  from  the  pedicel  or  stalk  of  the  flower,  is  the  Stifg  ;  and 
whatever  organ  or  set  of  organs  is  thus  elevated  is  said  to  be  st^ri- 
talt.  To  particularize  the  portion  of  the  receptacle  which  is  thus 
developed,  the  stipe  is  termed  the  Anth^thore  when  it  appears  just 
above  the  calyz,  and  elevates  the  petals,  stamens,  and  pistils ;  the 
Gmophore,  when  it  supports  both  the  stamens  and  pistils ;  and  the 
Gynopkore,  Ggnabate,  or  Carpophore,  when  it  bears  the  gynfficium 
alone.  The  stalk  which  sometimes  raises  each  simple  pistil  of  the 
gynscium  (as  in  Coptis  or  the  Gioldlhread]  is  called  a  T^eeaphore. 
This,  however,  does  not  belong  to  the  receptacle  at  all,  but  is 
homologous  with  the  leaf-stalk.* 

Sbct.  v.    Thx  Floral  Entelofes  ih  Particular. 

488.  Altbovoh  Ibe  various  organs  of  the  flower  have  already 
been  connectedly  considered  under  most  of  their  relations,  there 
yet  remain  some  particular  points  in  respect  to  each  of  them  whicb 
T^uire  to  be  sepanitely  noticed.  It  will  still  be  most  convenient 
Id  treat  of  the  calyx  and  corolla  together,  on  account  of  their  geo- 
eisl  accordance  in  most  respects. 

489.  Tkir  BefiloplUDt,  w  topnogHr,  first  requires  a  brief  notice. 
Tbe  flower-bud  is  formed  in  the  same  way  as  the  leaf-bud ;  and 
what  has  been  stated  as  to  the  fiumatioa  of  the  leaves  of  the 
branch  (274)  equally  applies  to  the  leaves,  or  envelopes,  of  the 
flower.  The  sepals  are  necessarily  the  earliest  to  appear,  which 
(hey  do  in  the  form  of  so  many  cellular  tumois  or  nipples,  at  first 
JUttinct,  inasmuch  as  then  their  tips  only  are  eliminated  from  the 
axis.    Each  otie  may  complete  its  development  separately,  in  the 

*  A  tew  tenu  which  nlate  to  the  comUiuiion  of  difl^rent  kindi  of  flower* 
In  Iba  umc  iuflmvMonce,  or  Iheir  cotretponding  aepamioii,  inaj  here  b«  de- 
Ined.  ThiM,  a  bead  or  iptfce  of  flowen  ii  uid  to  be  itmagamtut  when  all  Ui 
Ucwnu  are  aUke,  ■•  iii  EDpatoriam ;  or  htUnfompia  irtm  it  IndndM  two  or 
aon  kind*,  u  id  the  Snnflowcr  and  Ail«r.  It  ii  undrsgjmow  wbea  it  coniins 
of  both  itaminala  and  pittillala  flowen,  u  the  ipikei  of  msnjr  Sedges.  When 
A*  two  kind*  of  flowen  occttp;  difforent  head*,  whether  on  the  lame  or  two 
diflbrent  mdiTidnalj,  the;  ere  temu^pUgw. 
S4 
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same  manner  bb  an  ordinary  leaf,  (only  no  petiole  is  iolerpoaed  be- 
tween the  blade  and  the  axis,*)  when  the  sepals  remain  dUtinct 
(463)  or  unconnected.  Otherwise,  the  lower  and  later-etiminated 
portions  of  the  nascent  oi^ns  of  the  circle  coalesce  as  they  grow 
into  a  ring,  which,  further  developed  in  union,  forms  the  cup  or 
tube  of  the  gamophytUnu  calyx :  or,  in  some  cases,  it  would  appear 
that  the  sepals  may  at  first  grow  separately,  and  aAerwards,  though 
only  at  a  very  early  period,  coalesce  by  the  cohesion  of  their  cod> 
tiguous  parts.  The  several  parts  of  an  irregular  calyx  are  at  first 
equal  and  similar ;  the  irregularity  is  established  in  their  subse- 
quent unequal  growth.  The  petals  or  parts  of  the  corolla  originate 
in  the  same  way,  a  little  later  than  the  sepals.  Their  coalescence 
in  the  gamopetalous  corolla,  as  far  as  known,  is  strictly  congenital ; 
the  riog  which  forms  its  tube  appearing  n^ariy  as  early  as  the 
alight  projections  which  become  its  lobes  and  answer  to  the  sum- 
mits of  the  component  petals.  The  rudiments  of  the  petals  are 
visible  eariier  than  those  of  the  stamens :  t  but  their  growth  is  at 
first  retarded,  so  that  the  stamens  are  earlier  completed,  and  their 
anthers  surpass  them,  or  often  finish  their  growth,  while  the  petals 
are  still  minute  scales :  at  length  they  make  a  lapid  growth,  and 
inclose  the  organs  that  belong  above  or  within  them.  Unlike  the 
aepals  in  this  respect,  the  base  of  the  petal  is  frequently  narrowed 
into  a  portion  which  oorresponds,  more  or  less  evidently,  to  the 
petiole  (the  eUue),  which,  like  the  petiole,  does  not  appear  until 
some  time  after  the  blade  or  expanded  part;  the  summit  boii^  al- 
ways the  earliest  and  the  base  the  latest  portion  formed.  As  the 
envelopes  of  the  flower  grow  and  expand,  those  of  each  circle 
adapt  themselves  to  each  other  in  various  ways,  and  acquire  the 
relative  positions  which  diey  occupy  in  the  flower-bud.  Their  ar- 
rangement in  this  state  is  termed 

490.  TlKir  £ltiraUen  or  PrsfliratiOIL  The  latter  would  be  the 
preferable  term ;  but  the  former  is  in  common  use ;  the  word  Moti- 
vation (literally  the  summer  slate)  having  been  formed  for  line 

*  At  leut  thecaHof  ft  petloUteHpaluTeryran.  The  Mpsb  sie  ruber  to 
b«  compared  to  brmcti,  wliidi  are  mottt)'  MMil«,  tbsa  to  ordinary  teaTe*. 

t  When  the  itameiis,  or  ao  exterior  Mt  of  tbem,  ori|pnaia  by  clioruis  or  de- 
dopllcaiioii  of  the  petals  (459),  it  appean  fhiin  the  obaerratioas  of  Dadiaiie 
that  the  Ave  prorabenDce*  which  repreaent  the  petal*  at  their  firat  appearance 
cUride  traaaTenelj,  or  grow  doable,  the  inoer  half  developing  into  a  atamen  or 
a  eltwter  of  atanieiis,  the  enter  loto  the  petal  ittelf. 
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purpose  by  Llnnffius ;  —  for  no  obvioiu  reason  except  that  he  had 
•beady  applied  the  name  of  Vernation  (the  spring  state)  to  express 
Ibe  aaalogous  manner  in  which  leaves  are  disposed  in  the  leaf>bud. 
The  same  terms  are  employed,  and  in  nearly  the  same  way,  in  the 
two  cases,  but  with  some  peculiarities.  As  to  the  disposition  of 
each  leaf  taken  by  itself,  the  corresponding  terms  of  vemation 
(357]  wholly  apply  to  (estivation ;  and  there  are  do  forms  of  any 
eoDsequence  to  be  added,  perhaps,  except  the  ayrrugate  or  crtun- 
fltd,  where  each  leaf  is  ^rregulariy  crumpled  or  wrinkled,  longi> 
tudioally  or  transversely,  one  or  both,  as  happens  in  the  petals  of 
Ibe  Poppy  and  the  Helianthemum,  —  a  case  that  is  not  met  with  in 
tbe  foliage ;  the  indttpUcate,  where  the  edges  are  folded  inwards, 
u  those  of  the  sepals  of  Clematis  (Fig.  357), —  but  this,  as  com- 
pared with  ^vernation,  is  only  a  modific&tion  of  the  involute ;  and 
tbe  Tedttfiicate,  where  the  margins  are  bent  outwards  instead  of 
iowards,  as  in  the  corolla  of  the  Potato,  —  which  is  a  mere  modi- 
Scation  of  the  revolnte  in  vernation. 

491.  Tbe  arrangement  in  the  bud  of  the  several  members  of  the 
Aine  floral  circle  in  respect  to  each  other  is  of  much  importance 
ip  systematic  botany,  on  account  of  the  nearly  constant  characters 
that  it  furnishes,  and  still  more  In  structural  botany,  from  the  aid  it 
often  afibids  in  determining  the  true  relative  superposition  or  sue- 
eeasloD  of  parts  on  the  axis  of  the  flower,  by  observing  the  order  in 
which  they  oveHie  or  envelope  each  other;  for  every  enveloping 
part  is  almoel  necessarily  external  to,  or  of  lower  insertion  than, 
the  part  enveloped.  The  various  forms  of  lestivation  that  have 
been  distinguished  by  botanists  may  be  reduced  to  three  essential 
kiods,  namely,  the  imbricattve,  the  contorted  or  eonvoltUive,  and 
4e  valvular.* 

492.  It/Aricatitie  eestivatioo,  in  a  general  sense,  comprises  all 
the  modes  of  disposition  in  which  some  members  of  a  floral  circle 
are  exterior  to  the  othera,  and  therefore  overlie  or  inclose  them  in 
tbe  bud.  This  must  almost  necessarily  occur  wherever  the  parts 
are  inserted  at  distinguishably  different  heights,  and  is  the  natural 
leiult  of  a  spiral  arrangement     The  name  is  most  significant 


*  Wb  ihould  properly  aa;  of  tbe  eettivatim  tlut  it  is  imiriciid'iw,  MnMbiliM 
nMdr,  ic^  and  oT  Ibe  csljx  sad  corolla,  or  of  the  sepaU,  i^.,  that  thej  are 
abricait  or  tmbricntorf,  txitmhitt,  palvate,  &c.  in  KitiTatioD ;  but  inch  precision 
it  iugug«  is  Mtdom  attended  to. 
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irben  succeaBive  leaves  an  ooly  pBitiaUy  coverwi  by  the  preeed- 
mg,  as  in  Fig.  174-176;  here  they  m&mkatiy  break  joinU,  or  an 
disposed  tike  tiles  or  shingleB  on  a  roof,  as  the  term  imhricaled  de- 
notes. It  is  therefore  equivalent  to  the  tpiral  arrangement,  which 
word  is  sometimes  substituted  for  it  in  rastivation :  and,  on  the 
other  hand,  we  properly  apply  the  term  imbricated  to  any  contio- 
nous  succession  of  such  partly  overlying  members,  as  when  we 
say  of  oppressed  and  crowded  leaves  that  they  are  imbricated  on 
the  stem,  or  thus  expreM  the  whole  arrangement  of  the  scales  of 
a  bud  (Fig.  127),  or  a  bulb  (Pig.  141 ),  or  of  a  calkin  or  cone 
{Fig.  175).  The  alternation  of  the  petals  with  the  sepals,  &k. 
necessarily  makes  the  floral  envelopes  likewise  imbricated  in  the 
bud,  taken  as  a  whole.  But  in  proper  sstivatlon,  what  we  hate  to 
designate  is  the  arrangement  of  the  parts  of  the  same  flpral  circle, 
•ay  the  five  sepals  or  the  five  petals,  in  respect  to  each  ottier. 

493.  Now  where  the  calyx  or  the  corolla  exhibits  the  character 
of  a  complete  cycle  (439)  or  of  a  part  of  a  cycle  (442)  of  leivu 
with  the  intemodes  undeveloped,  that  is,  where  we  may  perceive 
on  close  inspection  that  the  several  members  are  inserted  on  the 
receptacle  at  unequal  heights,  this  will  be  manifested  in  the  bud 
by  the  relative  position  of  these  members :  the  lower  or  outer  must 
overlie  or  inclose  the  upper  or  inner.  This  is  just  the  case  in  reg- 
ular imbricalive  KStivation ;  where,  of  five  sepals,  for  example  (si 
in  the  diagrams.  Fig.  300, 281),  two  will  be  wholly  exterior  in  the 
bud,  two  wholly  interior,  and  one  intermediate,  namely,  covered  at 
one  edge  by  one  of  the  exterior,  while  its  other  edge  overlies  that 
of  one  of  the  inner  sepals ;  —  which,  on  comparison  with  Fig.  172, 
173,  will  be  found  to  correspond  exactly  with  the  |  or  qulncuncial 
arrangement  of  leaves  as  presented  on  a  aimilar  ground-plan. 
Leaves  No.  1  and  No.  2  are  external ;  No.  3  is  internal  in  respect 
10  these,  but  external  in  respect  to  No.  4,  which  is  two  fifUts  of  the 
circumference  distant,  and  more  manifestly  to  No.  5,  which,  being 
separated  by  an  interval  of  two  fifUis  from  the  preceding,  com- 
pletes  the  cycle,  and  is  overiapped  by  No.  3.  In  this,  the  normal 
and  the  most  common  arrangement  in  the  &-merous  flower,  lbs 
parts  are  said  to  be  spirally,  or  (with  more  definiteness  as  to  tbe 
numerical  kind  of  spire)  quincunciaUt/  imbricated  in  (estivation. 

494.  We  have  here  the  advantage  of  being  able  to  number  the 
successive  sepals,  or  petals,  since  the  third  leaf  is  not  only  lecog- 
nizable  by  its  intermediate  position,  but  also  indicates  the  directioo 
in  which  the  spiral  turns,  as  is  shown  in  Pig.  173. 
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495.  "Hie  same  regulaily  imbricated  arraogement  in  trimflroua 
flowen  gives  one  exterior,  one  half  iaterior  and  half  exterior,  and 
Doe  interior  member  in  KstivatioD,  after  the  order 

of  ^  cydes,  as  is  shovn  in  the  diagram,  Pig.  353, 

both  for  the  calyx  and  corolla ;  —  which  compare 

with  Fig.    171,   recollecting  that   the   successive 

cycles  are  superposed  in  the  foliage,  while  the 

floral  circles   alternate.     Regular  imbrication   in 

ibe  4-inerous  flower  gives  two  outer  and  two  inner  "*     , 

nembeia  in  teativation  (as  in  the  calyx  of  Cruciferous  blossoms, 

Fig.  280),  on  the  principle  of  two  decussating  pairs  of  leaves 

(439) ;  or  it  may  sometimes  be  referable  to  a  modificalioD  of  some 

■hemate  spiral  arrangement 

496.  The  degree  of  overlapping  depends  upon  the  breadth  of 
ibe  pans  and  the  state  of  the  bud ;  it  oalurally  grows  less  and 
leas  as  the  bud  expands  and  is  ready  to  open.  It  is  from  the  full- 
grown  flower>bud,  just  before  aniktsi*  (or  the  opening  of  the  blos- 
mn),  that  our  diagrams  are  usually  taken ;  in  which  the  parts  are 
lepresented  as  moderately  or  slightly  overlapping.  The  same 
overlapping  carried  to  a  greater  extent  will  cause  the  outer  leaf  to 
envelope  all  the  rest,  and  each  succeeding  one  to  envelope  those 

within ;  as  shown  in  Fig.  354  from  one  circle 
of  petals  of  a  Magnolia  taken  in  an  early  state 
of  the  bud.  Here  the  mode  is  Just  the  same  as 
that  of  Fig.  353.  To  this,  however,  has  not 
improperly  been  applied  the  name  of  conoo- 
hue,  from  its  similarity  to  the  convolute  vema* 
tioQ  of  the  leaves  of  the  branch  (257),  simi- 
larly rolled  up  <Hie  within  the  other.  But  it  is 
pncttcaliy  incoaveoient,  and  wrong  in  principle,  to  designate  dif- 
fereai  degrees  of  the  very  same  mode  by  distinct  names ;  further- 
more, the  next  general  kind  of  mstivation,  when  carried  to  a  high 
wgiee  of  overlapping,  produces  a  somewhat  similar  result ;  and 
moreover,  it  is  to  this  second  mode,  whatever  be  its  degree,  that 
the  name  of  convolute  is  more  commonly  applied,  in  recent  sys- 
Ismatic  botanical  writings. 

497.  There  are  numerous  cases  of  imbricative  Rstivatioo,  espe* 

no.  XI    ImMaud  anl 
Fia  XI   Tba  tuoa^j  « 

■KnbiiiiiiOScini. 
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ei&lly  in  irregular  flowera,  where  the  overlap]Mng  «f  parts  doei  not 
altogether  accord  with  what  must  needs  be  thair  order  of  nccea- 
sion  on  the  axis.  In  the  5-men>us  calyx  and  corolla  of  all  tniijr 
papiliooaceous  flowers,  for  example,  one  edge  o(  the  eepil  or  the 
petal  No.  2  is  placed  under,  instead  of  over,  the  adjacent  edge  of 
No.  4,  in  consequence  of  which  three,  instead  of  only  one,  of  ilw 
leaves  have  one  edge  covered  and  the  other  external ;  aa  b  shown 
in  Fig.  S63.  Since,  in  the  corolla  of  this  kiod  of  blossom,  the  ex- 
terior petal,  here  the  vexillum  (46S),  is  the  larger,  and  at  first  em- 
braces all  the  rest  (as  is  seen  in  the  separate  diagram  of  the 
corolla.  Fig.  359),  this  modiftcation  of  imbricative  eestivation  hu 
feceived  the  name  ottexillary.  As  nearly  the  same  thing  occun 
in  the  Violet,  it  is  probably  caused  by  some  alight  dislocation  thtt 
takes  place  during  the  early  growth  of  oi^ans  in  the  irregalar 
blossom,  which  the  study  of  their  development  should  explaiiL  It 
is  not  restricted  to  irregular  flowers,  however,  but  occuia  as  a  cas- 
ual variation,  or  perhaps  more  frequently  than  the  quincuncial,  in 
the  regular  corolla  of  the  Linden  (as  is  shown  in  Fig.  906).  A 
slight  obliquity  in  the  position  of  the  petal  No.  S,  assumed  at  an 
early  period,  would  account  for  the  whole  anomaly.  That  tint 
su^ests  the  true  explanation  is  almost  demonstrated  by  the  vary- 
ing sstivation  of  the  corolla  of  the  Linden ;  in  which  the  same 
bunch  of  blossoms  often  furnishes  instances  of  regular  quincunoal 
imbrication,  of  the  modification  here  referred  to,  and  of  the  simtUt 
disposition  of  the  fifth  petal,  throwing  one  of  its  edges  outwanls 
also.  If  the  first  petal  were  also  to  partake  of  this  slight  obliquity, 
the  imbricative  would  be  completely  converted  into  what  is  vari- 
ously named 

49S.  The  contorted,  twitted,  or  eonvohuive  sestivation  (Fig.  360, 
the  corolla,  and  361 ).  In  this  mode,  the  leaves  of  the  cirele  are  all, 
at  least  apparently,  inserted  at  the  same  height,  and  all  occupy  the 
same  relative  poeition:  one  edge  of  each,  being  directed  obliquely 
inwards,  is  covered  with  the  adjacent  leaf  on  that  side,  while  the 
other  covers  the  corresponding  margin  of  the  contiguous  leaf  on 
the  other  side.  This  is  owing  to  a  more  or  less  evident  torsion 
or  twisting  of  each  member  on  its  axis  eariy  in  its  develop- 
ment; so  that  the  leaves  of  the  floral  verticil,  instead  of  forming 
ares  of  a  circle,  or  sides  of  a  polygon  having  for  its  centre  that  of 
the  blossom,  severalty  assume  an  oblique  direction,  by  which  one 
edge  la  carried  partly  inward  and  the  other  outward.     This  ccoh 
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lorted  esdvation  is  scarcely  ever  met  with  in  the  oaljrx,  but  ii  very 
eoiniDoa  in  the  comllK.  Wbeo  this  obliquity  of  powtion  is  strong, 
die  petate  tbemMlrea  are  usually  oblique,  or  unequal-sided,  from 
the  lesser  growth  of  the  overlapped  side,  which  is  by  no  means  so 
favorably  aituated  in  this  respect  as  is  the  free  external  portion,  — 
aoMofpardd  obliteration  ordwai^ng  from  pressure.  This  is 
well  seen  in  the  petals  of  moat  Malvaceous  plants,  to  some  extent  in 
tboee  of  Geranium,  Flax,  and  Wood-Sorrel,  and  stiikingly  in  those 
of  the  St  ioheVwort,  and  in  the  lobes  of  the  corolla  of  the  Peri- 
winkle  (Vinca)  and  of  most  other  Apocynaceous  plants.  In  the 
Pink,  however,  and  in  many  other  instances,  the  petals  are  sym- 
metrical,  although  strongly  convolute  in  leativation.  When  Uie 
petab  are  broad,  this  arrangement  is  frequently  conspicuous  in  tbe 
fiitly  expanded  flower,  as  well  as  in  the  bud  (as  in  Fig.  865).  Tbe 
convolution  in  (be  bud  is  often  so  great,  that  the  petals  appear  as  if 
Mrongly  twisted  or  rolled  up  together,  each  being  almost  complete- 
ly overlapped  by  the  preceding,  so  that  they  becmne  convobUe 
nearly  in  the  sense  in  which  the  term  is  used  in  vernation ;  as  in 
Ike  WallAower  (Pig.  360,  361).  Although  there  is  some  diver> 
■ty  of  usage,  the  terms  eomoluta  and  ccntorUd  in  netivation  are 


now  for  the  most  part  employed  interchangeably,  or  nearly  so.    In 

FIO.  35a-3e3.  Diairami  or  Hill  (Ulan.  (Wh«  Ihora  an  Iwo  eirclM,  the  miur  nymaof 
Uaal^udlh*  iDimt  Ite  coroUk)  KB.  Vilnu.  360.  Talnuotjii  tbi cnnlla IndnpK. 
BM  fl-  DHCt;  eoDdupUMla.  SG7.  Inroliit*,  rubu  thu  ludapikiu.  gapali  of  Clamalls.  3BS. 
Qaiacoaciiillf  ImbricUsd;  the  flm  Isaf  od  the  upper  (Ida.  JSB.  VdillKT  Imbrlcatad  pipllUh 
"aam  cannt.  380.  ImbrtcuWd  aiyx  If  W*uno*ir  (iwn  mur  mi  two  )nur  npilg),  and 
*t>U  ilBNiaiflr  cometMdDf  cdanlou  eonUL  961,  CooMfUd  or  coaTotau  conlu,  aHk 
>ta  pull  nun  upudid.  SOL  Plutad  tubt  of  Um  coroUi  of  CuDpuuli.  363.  Flilttd  tat 
la^fidOo  contla  of  CodtoItoIds. 
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Gflrnaium,  and  in  many  other  cues  (as  in  Fig.  280),  we  fiod  tbe 
praTailingly  contorted  or  coDVolute  seativation  afibctlng  casoa)  Iran* 
ations  to  tbe  imbiicative  mode,  conesponding  to  tboae  already 
mentioned  in  the  foregoing  paragraph. 

499.  The  valoidar  or  valvate  BBStivation  is  tl^t  in  which  the  parts 
of  a  tkiral  verticil  are  placed  in  contact,  edge  to  edge,  through, 
out  their  whole  length,  without  any  overlapping  (as  in  Fig.  355, 
and  the  calyx  in  Fig.  356).  Here  the  members  of  the  circle  ar^ 
strictly  verticillale,  and  stand  in  an  exact  circle,  no  one  being  io 
the  least  degree  lower  or  exterior.  Tbe  edges  of  tbe  sepals  or 
petals  in  this  case  are  generally  abrupt,  or  as  thick  as  the  rest  of 
the  organ,  as  is  shown  in  the  calyx  of  the  Linden  (Fig.  306) ;  by 
which  maHt  the  valvate  (estivation  may  commonly  be  recognized 
in  the  expanded  flower.  The  several  parts  being  all  developed 
under  precisely  similar  conditions  in  this  and  the  foregoing  modes 
of  eestivalioo,  these  are  naturally  and  almost  without  exceptitn 
restricted  to  regular  flowers  alone. 

500.  By  the  inflexion  of  tbe  edges,  the  strictly  valvate  (estivation 
passes  by  insensible  gradations  into  the  indigilieate  (490),  as  in  the 
calyx  of  some  species  of  Clematis ;  a  mode  which  is  carried  to  a 
maximum  in  some  species  of  Lysimachia  (Fig.  356),  where  tbe 
two  edges  of  the  same  petal  are  brought  into  contact,  so  as  to  be 
eondi^icaU.  When  the  induplicate  maig;ins  are  inrolled,  they 
become  imobUe  (Pig.  357]  in  Bslivation.  On  the  contrary,  the 
valvate  calyx  of  many  Malvaceous  plants  and  the  corolla  of  tbe 
Potato  hloesom  have  the  margins  projecting  outwards  into  salient 
ridges,  or  are  redt^liaue,  in  lestivatiou. 

501.  The  tube  of  a  gamopelalous  corolla  occasionally  exhiUls 
similar  ridges  or  folds,  whether  salient  (as  in  the  bud  of  some 
Campanulas,  Fig.  363),  or  reenteriug  (as  in  Stramonium) :  this 
gives  rise  to  the  plieatiee,  pliaUe,  or  plaited  modification  of  »sti- 
vatioD.  Where  the  plaits  are  folded  round  each  other,  in  a  convo- 
lutive  manner,  the  sstivalion  is  sometimes  termed  mpervohitwe, 
or  tupervolvie,  as  in  the  Morniag-Glory  (Fig.  363), 

503.  The  spire  in  imbricative  ffistivation,  and  the  order  of 
overlapping  in  the  contorted  mode,  may  turn  either  from  left  to 
right,  or  from  right  to  left;  and  the  direction  is  often  uoifinn 
through  the  same  genus  or  family,  but  sometimes  diverse  in  di&^ 
ent  blossoms  on  the  same  plant  In  fixing  the  direction,  we  sup- 
pose the  observer  to  stand  before  the  flower-bud.    De  CandoUe, 
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indeed,  rapposes  the  obeerrer  to  occupy  the  centre  of  the  flower, 
which  would  reverse  tl»  direction;  but  the  former  view  is  geoer* 
all]'  adopted.  The  direction  b  frequently  reversed  in  passing  from 
the  calyx  to  the  corollti,  —  sometimes  with  remu^ble  uniformity ; 
while  again  the  two  occur  almost  tndifierently  in  many  cases. 

503.  The  <twi«I  of  testivittion,  although  of^  the  same  both  in  the 
calyx  and  corolla,  as  in  Paraassia  (Pig.  304)  and  Elodea  (Pig. 
800),  where  both  are  quincuncially  imbricated,  is  as  frequently 
different ;  and  the  difference  is  pften  characteristic  of  families  or 
genera.  Thus,  the  calyx  is  valvate  and  the  con^la  coovolule  m 
all  Malvacete ;  the  calyx  imbricated  and  the  corolla  convolute  in 
Hypericum,  in  the  proper  Pink  tribe,  &c.  Solitary  exception! 
DOW  and  then  occur  in  a  family.  Thus,  the  corolla  in  Rosaceee  i* 
imbricated,  so  far  aa  known,  except  in  Gillenia,  where  it  is  convo- 
late.  In  general  it  may  be  said,  that  the  scstivation  of  the  corolls 
is  more  disposed  to  vary  than  that  of  the  calyx. 

504.  TUn  Ctlfl.  In  treating  of  the  general  structure  and  diver- 
uties  of  the  flower,  we  have  already  noticed  the  principal  modifi- 
cations of  the  calyx  and  corolla,  as  well  as  the  terms  employed  to 
designate  them ;  which  need  not  be  here  repeated. 

605.  The  number  of  sepals  that  enter  into  the  compositioa  of  ft 
calyx  is  indicated  by  adjectives  formed  from  the  correspooding 
Greek  nnmerals  prefixed  to  the  name ;  as  ditepalout  for  a  calyx  of 
two  sepals ;  trUepahus,  of  three  sepals ;  Utrtaepah>ut,  of  four ; 
penituqMhu$,  of  five ;  heacuepahus,  of  six  sepals ;  and  so  oo. 
Very  commonly,  however,  the  Greek  word  for  leaves,  phylla,  ia 
used,  in  such  composition ;  and  the  calyx  is  said  lo  be  dipkyUoiu, 
triphyllout,  UlrapkglloiUf  petUaphyllmu,  haet^kyUous,  &c.,  ac- 
cording as  it  is  compoeed  <^  S,  3,  4,  5,  or  6  leaves  or  sepals  re- 
spectively. Theae  terms  imply  that  the  leaves  of  the  calyx  are 
distinct,  nr  nearly  so.  When  they  are  united  into  a  cup  or  tubo, 
die  calyx  was  by  the  earlier  botanists  iocorrectly  said  to  be  moMo- 
fkfUtvt  (literally  one-leaved) ;  — a  term  which  we  continue  to  use, 
guarding,  however,  against  the  erroneous  idea  which  its  etymology 
inrolvee,  and  bearing  in  mind  that  the  older  technical  language  in 
botany  expresses  external  appearance,  rather  than  the  real  atruc* 
tore,  as  we  now  nndersiand  it.  The  correct  term,  calyx  gamophgU 
Imt,  is  now  coming  into  general  um  ;  this  hterally  expresses  die 
Inie  stale  of  the  case,  and  is  equivalent  to  tbe  phrase  sepals  united  : 
the  degree  of  coalescence  being  indicated  by  adding  *'  at  the  base," 
**  to  the  middle,"  or  *'  to  the  summit,"  as  the  case  may  be. 
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506.  Still,  ID  botanical  deacriptions,  it  a  ordinarily  more  cob- 
Tenieot  and  usual  to  regard  the  calyx  as  a  whole,  and  to  eipieai 
the  degree  of  union  or  separation  by  the  same  terms  as  those 
which  designate  the  degree  of  division  of  the  blade  of  a  leaf  (261  - 
283) :  as,  for  example.  Calyx  Jke-tootked,  when  the  sepals  of  a 
pentapbyllous  calyx  are  united  almost  to  the  top  ;  _five^lefi,  when 
united  to  about  the  middle ;  Jhe-parUd,  when  they  are  separate 
almost  to  the  base ;  aaifive-hthed,  for  any  degree  of  division  less 
than  five-parted,  widiout  reference  to  its  particular  extent.  The 
united  portion  of  a  gamopbyllous  calyx  is  called  its  fufe  ;  the  dis- 
tinct portions  of  the  sepals  are  termed  the  leelh,  tegmettta,  or  loba, 
according  to  their  length  as  compared  with  the  tube  ;  and  the  ori- 
fice or  summit  of  the  tube  is  named  the  throat.  The  calyx  is  said 
to  be  entire  (281),  when  the  leaves  of  the  calyx  are  so  completely 
confluent  that  the  margin  is  continuous  and  even.  The  terms  reg- 
viar  and  irregvlar  (446,  466)  are  applied  to  the  calyx  or  corolla 
separately,  as  well  as  to  the  whol6  flower.  The  counterpart  to 
calyx  monophyllous  or  monosepalous  in  the  current  glossology  it 
polyphyllout  or  polyupatoai  (viz.  of  many  leaves  or  sepab).  This 
is  equivalent  to  the  phrase  tepaU  distinct;  and  does  not  mean 
that  they  are  unusually  numerous,  or  of  more  than  one  circle. 

507.  TkB  Condlt  has  corresponding  terms  applied  to  its  modifica- 
tions. When  its  petals  are  distinct  or  imconnected,  it  b  said  to  be 
poljipelaitnu ;  when  united,  at  least  at  the  base,  monopetalou*,  or 
more  property  gamopetaUna,  as  already  explained  (461).  The 
united  portions  in  the  latter  case  form  the  tube  ot  the  corolla,  and 
the  distinct  ports,  tte  lohet,  tegmejUs,  &c. ;  and  the  orifice  is  called 
the  throat,  just  as  in  the  calyx.  The  number  of  parts  that  com- 
pose the  corolla  is  designated  in  the  manner  already  mentioned  for 
the  calyx ;  —  viz.,  a  corolla  of  two  petals  is  dipetalotu  ;  of  three, 
iripetalout ;  of  four,  tetrapetaioua  ;  of  five,  pentapelalom ;  of  ui, 
hexapetalotts  ;  of  seven,  h^lapetaloiu  ;  of  eight,  octopetaltna ;  of 
nine,  enneapeifdout ;  of  ten,  deeapet^mu. 

SOS.  Frequendy  the  petals,  and  rarely  the  sepals,  taper  into  a 
stalk  or  narrow  base,  analogous  to  the  petiole  of  a  leaf,  which 
is  called  the  claw  {vngtua)  ;  and  hence  the  petal  is  said  to  be 
vnguiculaie  (as  in  Cruciferous  flowers,  the  Pink,  Fig.  302,  and 
Gynandropsis,  Fig.  352,  &c.) ;  the  expanded  portion,  like  that 
of  the  leaf,  being  distinguished  by  the  name  of  the  lamina,  limi, 
or  blade. 
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509.  Some  kinds  of  polypetalous  flowers  receive  particular 
names,  from  the  form  or  arntngement  of  their  floral  envelopes, 
especially  of  the  corolla.  Among  the  regular  forma  (395)  wa 
may  mention  the  rotaceoua  flower,  like  that  of  the  Rose,  Apple, 
Sk.,  where  the  spreading  petals  have  no  claws,  or  very  short 
ones;  the  litiaxeout,  of  which  the  Lily  is  the  type,  where  the 
claws  or  base  of  the  petals  or  sepals  are  erect,  and  gradually 
ipread  towards  their  aummits ;  the  earyophyllaceous,  as  in  the 
Kak  and  Silene,  where  the  five  petals  have  long  and  narrow 
claws,  which  are  inclosed  in  the  tube  of  the  calyx ;  and  the  eruci- 
ate,  or  crunform,  which  gives  name  to  the  Mustard  Family  {Fig. 
525),  where  the  four  unguiculate  petals,  diverging  equally  from 
(ne  another,  are  necessarily  disposed  in  the  form  of  a  cross,  as  in 
the  Mustard,  4tc.  Among  the  irregular  polypetalous  flowere, 
which  are  greatly  varied  in  diflerent  families,  the  papUiotMcemu 
or  huterfiy-ihaped  corolla  of  the  Pea  tribe  has  already  been  de- 
scribed (468). 

510.  Several  forms  of  the  gamopetalous  corolla,  or  gamophyl- 
kms  calyx,  have  been  distinguished  by  particular  names.  These 
are  likewise  divided  into  the  regular,  where  their  parts  are  equal 
in  size,  or  equally  united ;  and  the  irregular,  where  their  size  or 
degree  of  union  is  unequal  (468).  Among  0ie  former  are  the 
tamptmulate  or  hell-thaped,  as  the  corolla  of  the  Harebell  (Fig. 
364),  which  enlarges  gradually  and  regularly  from  the  base  to  the 


summit;  the  inJwtdSniliform,  or  Jimnel-ehaped,  where  the  tube 
enlarges  very  gradually  below,  but  expands  widely  at  the  summit, 

FIQ,  3M.  ODBpuinlUg  conDt  of  Ouii|»nali  niDDdlliiUi.  3K.  Htlnr^h^Bd  conUi  of 
nin.  3K.  IdM4M  (ringut)  conrili  of  I^mlDm ;  ■  ilde  rim.  357.  Panonua  corolla  of 
'■UnUum.    368.  Pmonu  uroU*  of  Unarli,  qomd  «l  Iba  b*«. 
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u  in  the  corolla  of  Moniing-Gloiy  (Fig.  921)  and  the  Tobicco 
(Pig.  935);  tubular,  where  the  form  is  cylindrical  throughout: 
ki/poerateriform,  or  udver-ihaped,  where  the  limb  spreads  at  right 
angles  with  the  summit  of  the  more  or  less  elongated  tube,  m 
in  the  corolla  of  Primula  and  of  Phlox  (Fig.  365) ;  and  rotate,  or 
vheel'shaped,  when  a  hypocmteriform  corolla  has  a  veiy  short  tube, 
as  in  the  Foiget-me-nol  (Fig.  887)  and  Bittersweet  (Fig.  939). 

511.  The  principal  irregular  garoopetalous  or  gamophylloiii 
form  that  hna  received  a  separate  appellation  is  Ibe  laMtUe  or  U- 
labiate,  which  is  produced  by  the  unequal  union  of  the  sepala  ot 
petals  (470),  so  as  to  form  an  upper  and  a  lower  part,  or  two  lips, 
•a  they  are  called,  from  an  obvious  resemblance  to  the  open  mouth 
of  an  animal  (Fig.  366).  This  variety  is  almost  universally  ex- 
hibited  by  the  corolla  of  Labiats,  and  very  frequently  by  the  calyx 
also,  as  in  the  Sage  (Ord.  Labiatee) :  it  likewise  occurs  in  the  co- 
rolla of  moot  Honeysuckles  (Fig.  743,  743),  and  in  the  calyx  i^ 
many  papilionaceous  flowers.  When  the  upper  lip  is  arcbed,  h 
in  the  corolla  of  Lamium  (Fig.  S66),  it  is  sometimes  called  the 
galea,  or  helvtel.  When  the  two  lipe  are  thus  gaping  and  the 
throat  open,  the  corolla  is  said  to  be  ringent.  But  when  the  mouth 
is  closed  by  the  approximation  of  the  two  lipe,  and  especially  by 
an  elevated  portion  or  protuberance  of  the  lower,  called  the  palate, 
as  in  the  Snapdragon  (Fig.  367)  and  ToadSax  (Fig.  368),  tbe  co- 
rolla is  said  to  be  pereonate,  or  masked. 

512.  In  the  Snapdragon,  the  base  of  the  corolla  is  somewhat 
protuberant,  or  taeeale,  on  the  anterior  side  (Fig.  367) :  in  tbe 
Toadflax  (Fig.  366)  the  protuberance  is  extended  into  a  hollow 
ipur.  A  projection  of  this  kind .  is  not  uncommon,  in  various 
families  of  plants.  One  petal  of  the  Violet  Is  thus  spurred  ot 
caUaraie  ;  so  is  one  of  the  outer  petals  in  the  Fumitory,  and  each 
of  them  in  Dicentra  (Fig.  295).  So,  also,  one  of  the  sepals  is 
spurred  or  strongly  sac-shaped  in  the  Jewel-weed  (Impatiens),  tbe 
Nasturtium,  and  the  Larkspur ;  and'alt  five  petals  take  this  shape 
in  the  Columbine.  A  monster  of  the  Toadflax  is  occanonally 
found,  in  which  the  four  remaining  petals,  of  the  five  which  eater 
into  its  composition,  afiect  the  same  irregularity,  and  so  bring  back 
the  flower  to  a  ungular  abnormal  state  of  regularity.  This  wai 
called  by  Linnteus  Peloria  ;  a  name  which  is  now  used  to  desig- 
nate the  same  sort  of  monstrosity  in  different  flowers. 

513.  The  petals  aro  sometimes  furnished  with  appendages  oa 
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ibeir  inDCT  sarface,  such  aa  the  crown  at  the  summit  of  the  claw  in 
Silene  (Fig.  302),  and  the  scales  ^milarly  situated  on  the  gamo- 
peiabus  corolla  of  Myosotis  and  Symphytum  (Fi^.  888,  893). 
The  nature  of  this  crown  has  already  been  explained  (458).  Such 
appendages  are  sometimes  thought  to  represent  an  adherent  row 
of  abortive  stamens  or  petals. 

i\4.  The  bodies  termed  neetariet  (485)  by  the  old  botanists  are 
either  petals  of  unusual  form,  such  as  the  spurs  of  the  Columbine  ; 
or  petals  passing  into  stamens,  such  as  the  fringe  of  the  Passion- 
flover  ;  or  a  deduplicalion  of  the  petal,  as  in  Paroassia  (Fig.  305) ; 
or  else  abortive  and  transformed  stamens,  as  in  Canna.  The 
s[K:a1led  nectary  of  Orchidaceous  plants  is  merely  a  petal,  which, 
being  of  a  different  shape  from  the  others,  is  termed  the  tabellum. 

515.  The  duration  of  the  floral  envelopes  varies  greatly  in  dif- 
ferent plants.  Sometimes  they  fall  off  as  the  flower  opens,  or  even 
before  expansion,  as  the  calyx  of  the  Poppy  and  the  corolla  of  the 
Gnpe-rine  (Fig.  334) ;  when  they  are  said  to  be  cadueoiu.  More 
commonly  they  are  deetduout,  at  fall  after  anthesis  but  before  the 
fniit  forms.  When  they  remain  until  the  fruit  is  formed  or  ma- 
tured, they  are  persistent,  which  is  often  the  case  with  the  calyx, 
eapeciatly  when  it  has  a  green  color  and  foliaceous  texture.  It  is 
occasionally  aecreieent,  or  takes  a  further  growth  during  fruclifica- 
tioD,  as  in  Physalis.  When  the  envelopes  persist  in  a  dry  or  wlth- 
eriag  slate,  as  the  corolla  of  Heaths,  of  Campanula,  dtc.,  they  are 
Bsjd  to  be  tnarcescent. 

516.  Besides  serving  aa  organs  of  protection,  the  sepals,  when 
green,  assimilate  sap,  and  act  upon  the  air  like  ordinary  foliage 
(314, 346).  The  petals,  like  other  uocolored  (that  is  greenless) 
parts,  do  not  evolve  oxygen,  but  abstract  it  from  the  air,  and  give 
off  carbonic  acid ;  in  other  words,  they  decompose  assimilated  mat- 
ter,—  a  process  which  appears  to  be  needful  in  flowering,  and  to 
lubserve  some  important  end  at  the  time  (367-373).  The  tissue 
of  a  petal  is  much  the  same  t^  that  of  a  leaf,  except  that  it  is  much 
more  delicate,  and  the  fibre- vascular  system  is  reduced  to  slender 
bundles  of  a  few  spiral  vessels,  Sec,  which  form  its  veins. 

Sect.  VI.    Ths  Stambns, 

517.  The  StUUilU,  collectively  forming  the  Andb(£cidu  (418), 
have  been  already  considered  in  respect  to  their  component  parts. 
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their  DBture  and  ■ymmetiy,  ttnd  tbeb  principal  modificatiotis  u  to 
relative  number  and  disposition.  Their  absolute  number  in  ibe 
flower,  it  may  be  remarked,  ie  designated  by  Greek  numerala  pre- 
fixed  to  the  word  used  for  stamens,  as  employed  by  [^nsus  in  dm 
names  of  his  artificial  classes.  Thus,  a  flower  with  one  stamen  it 
said  to  be  monandroui ;  with  two,  Handrout ;  with  three,  Jrtoii- 
drotu;  with  four,  tetrandrout ;  with  Rve,  jtentandrout ;  with  ali, 
hexandrova;  with  seven,  h^tandrout ;  with  eight,  octandrtnu; 
with  nine,  emuandroM ;  with  ten,  decandrout ;  with  twelve, 
dodecandrota  ;  and  with  a  greater  or  indefinite  number,  polyan- 
drout.  (See  the  account  of  the  classes  of  the  Linniean  Artifidal 
System,  Part  11.  Chap.  11.) 

518.  The  terms  employed  to  designate  their  rarioua  modifies* 
tions,  most  of  which  have  already  been  incidentally  noticed,  are 
likewise  derived  from  the  names  of  Linnsan  artificial  classes,  with 
the  exception  of  those  which  relate  to  their  insertion  ;  such  as  Ajr- 
poggnotts,  when  inserted  on  the  receptacle  (466),  or,  in  other 
words,  free  from  all  adhesion  to  neighboring  organs ;  perigynoia, 
when  adherent  to  the  tube  of  the  calyx  (as  in  Pig.  S15) ;  and  epi- 
gynmu,  when  adherent  also  to  the  ovary,  and,  as  it  were,  mised 
to  its  summit  (as  in  Fig.  316).  To  these  may  be  added  the  Ija- 
nsean  term  gynandrota,  expressive  of  their  further  cohesion  with 
the  style,  as  in  the  Orchis  Family. 

519.  As  to  mutual  coheuon,  they  are  monadelphaus  when  united 
by  their  fihtnients  into  one  body  (as  in  Pig.  307) ;  diadelphou, 
when  thus  combined  in  two  sets  (as  in  Fig.  306) ;  triadttphoiu, 
when  in  three  sets,  'as  in  Hypericum  and  Elodea  (Fig.  300,  301)  \ 
pentadelphoui,  when  in  live  sets,  as  in  our  Linden  ;  and  potgadtl- 
phous,  when  in  several  sets,  irrespective  of  the  particular  number. 
They  are  tyngenetious,  when  united  by  their  anthers  (Fig.  309, 
310).  As  respects  inequality  of  dze,  they  are  didynamom,  wbeD 
four  stamens  constitute  two  pairs  of  unequal  lengtii  (481) ;  and 
tetradynamout,  when  six  stamens  only  are  present,  two  of  which 
ore  shorter  than  the  others,  as  in  Cruciferous  flowers  (455);  > 
case  which  is  sometimes,  but  lees  distinctly,  seen  in  the  allied  Caper 
Family  (Fig.  352).  Their  complete  suppression  in  some  flowen 
gives  rise  to  such  terms  as  ntoncBciotu,  diacioiu,  and  polyganumi, 
which  have  already  been  defined  (473). 

520.  The  proportion  of  the  stamens  to  the  corolla  or  other  fiorai 
envelopes  is  sometimes  to  be  noticed.    When  they  are  looger  and 
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probwhnf;,  they  are  said  to  be  exterUd ;  when  shorter  or  eonceoled 
■ilhiD,  tbey  are  ijtduded  ;  —  lenns  which  apply  to  other  organs  bs 
weU.  So  of  lertnB  which  indicate  their  direction ;  as  dtcHned,  when 
carved  towards  one  side  of  the  blononi,  as  in  the  Horsechestnut. 

531.  The  stamens  are  mostly  too  narrow  to  furnish  any  charac- 
ten  of  estivation,  eicept  as  to  the  manner  in  which  each  one  is 
teparately  disposed.  In  this  respect  they  exhibit  several  varieties, 
to  wbicb  the  same  terms  are  applied  as  to  the  vemation  of  indi- 
ndutl  leaves  (257). 

W2.  When  the  stamen  is  destitute  of  the  filament,  or  stalk  (Fig. 
S69,  a),  the  anther  (&)  is  said  to  be  tetnle:  the 
Gl&tnent  being  no  more  essential  to  the  stamen 
than  the  claw  is  to  the  petal,  or  the  petiole  to 
ibe  leaf.  When  the  anther  is  imperfect,  abor- 
tite,  or  wantmg,  the  stamen  ia  said  to  be  iteriie, 
■iM-ftre,  or  rudimaUaFy ;  its  real  nature  being 
known  by  its  situation. 

523.  Tht  FUlBUnti  although  usually  slender 
vA  cylindrical,  or  slightly  flattened,  assumes  a 

great  variety  of  forms  :  it  ia  sometimea  dilated  so  as  to  be  undis- 
tinguisbable  from  the  petals,  except  by  its  bearing  an  anther;  as 
in  tbe  tranaiiion  states  between  the  true  petals  and  atamens  of 
Nymphtea  (White  Waler-Lily,  Fig.  266,  267).  Tbe  filament  is 
aiMiomically  composed  of  a  central  bundle  of  spiral  vessels  or 
ducts,  whtch  represent  the  fibro^vascular  system  of  tbe  leaf,^  in 
Ibe  same  stale  as  in  the  petiole,  enveloped  by  parenchyma ;  the 
outer  stratum  of  which  forms  a  delicate  epidermis. 

524.  The  Aflttcr  (Fig.  369,  ft),  which  is  the  essential  part  of  the 
ttamen,  is  usually  borne  on  the  apex  of  the  filament ;  and  com* 
mnily  consists  of  two  lohtt,  or  eella  (theca),  placed  side  by  side, 
uid  connected  by  a  prolongation  of  the  filament,  called  the  connee- 
tiMun,  or  eonneetioe.  As  the  filament  answers  to  the  petiole,  so 
the  connectivum  answers  to  the  midrib  of  the  leaf,  and  the  lobes, 
ar  cells,  to  the  blade  of  tbe  leaf;  tbe  portion  each  side  of  the  mid- 
lib  forming  an  anther-lobe.  The  pollen,  or  powdery  substance 
CCfitained  in  the  anther,  originates  from  a  peculiar  transformation 
of  the  cellular  tissue,  or  parenchyma  of  the  leaf. 

525.  The  attachment  of  the  anther  to  the  filament  presents  three 
principal  modes.  1st.  When  the  base  of  tbe  connective  exactly 
corresponds  with  the  apex  of  the  filament  and  with  the  axis  of  the 
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anther,  the  latter  is  termed  innate,  and  rests  firmly  upon  the  summit 
of  the  filament,  as  in  Fig.  370.  2d. 
When  the  lobes  of  the  anther  adhere 
for  their  whole  length  to  a  prolonga* 
tion  of  the  filament,  or  to  a  broad 
connective  (whichever  it  be  called], 
BO  aa  to  appear  lateral,  it  is  said  to 
be  adnate ;  as  in  the  Magnolia  (Pig. 
48^.  Here  the  anther  must  be 
either  extrone  or  introrse.  It  is  «i- 
trone,  or  turned  inwards,  when  it 
occupies  the  inner  side  of  the  con- 
nective,  and  faces  the  pistils,  as  in 
Magnolia  and  the  Water-Lily  (Fig.  266)  j  but  when  the  anther 
looks  away  from  the  pistils  and  towards  the  petals  or  sepals,  it  is 
said  to  be  extrorie,  or  turned  outwards,  as  in  the  Iris,  in  Lirioden- 
dron  (Fig.  371),  and  in  Asarum  (Fig.  373).  3d.  When  the  anther 
is  fixed  by  a  point  to  the  apex  of  the  filament,  on  which  it  tightly 
swings,  it  is  said  to  be  tarBotUe;  as  in  all  Grasses,  in  the  Lily,  and 
in  the  E renins  Primrose  (Fig.  372),  &c.  In  this  case,  as  in  the 
preceding,  the  anther  is  said  to  be  inirorte,  or  incwaibent,  when  it 
is  turned  towards  the  pistil,  which  is  the  most  common  form ;  and 
Bxtrorte,  when  it  faces  outwards. 

526.  The  eonneclive  is  frequently  inconspicuous  or  almost  want- 
ing, so  that  the  lobes  of  Uie  anther  are  directly  in  contact 
on  the  apex  of  the  filament ;  as  in  Euphorbia  (Pig.  346).  1 
It  is  oflen  produced  beyood  them  into  an  appendage,  as  in  M. 
the  Magnolia  and  Liriodendron  (Fig.  371),  the  Papaw  {111 
(Fig.  492,  where  it  forms  a  rounded  top),  and  Asarum  |l 
(Fig.  373).  Appendages  or  processes  from  the  hack  of  I  \ 
the  connective  are  seen  in  the  stamens  of  the  Violet,  and  t-J 
of  many  Ericaceous  plants  (Pig.  802—604). 

Ki7.  Each  of  the  two  cells  or  lobes  of  the  anther  is  marked 
with  a  lateral  line  or  furrow,  running  from  top  to  bottom  ;  this  it 
die  future  or  lint  of  dehiteenee,  by  which  the  anther  opens  at 
maturity,  and  allows  the  pollen  to  fall  out  (Fig.  369).    This  line, 
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which  answers  to  tbe  margin  of  the  leaf,  is  exactly  lateral  in  in- 
DMe  anthers,  aa  io  Fig.  370;  but  it  looks  more  or  less  evidently, 
ud  often  directly,  inward  in  introrse,  and  outward  in  ejctrorse  an- 
tban  (Fig.  371,  373). 

528.  Various  deviatiMia  from  this  normal  structure  of  the  anther 
freqneady  occur;  some  of  which  may  be  cursorily  noticed.  The 
opoain^  of  tiw  anther,  sometimes  called  its  dehiteaux,  does  not 
iJirays  take  place  by  a  longitudinal  fissure  for  the  whole  length  of 
ibe  cell.  Occasionally  the  suture  opens  only  at  the  top,  in  tbe 
hem  of  a  chink  or  pore  ;  as  in  Pyrola  {Fig.  807),  Bbododendron, 
lod  other  Ericaceous  plants,  and  in  the  Potato,  ix.  Sometimes 
the  nunmit  of  the  lobes  is  prolonged  into  a  tube,  which  opens  by  a 
pore  or  chink  at  the  apex;  aa  in  the  Heath  and  Huckleberry 
(Bg.  802-804).  In  the  Barberry  and  other  plants  of  the  family 
(Fig.  507],  the  Benzoin,  &c.,  nearly  the  whole  face  of  each  an- 
tbeKell  separates  by  a  continuous  line,  forming  a  kind  of  door, 
which  is  attached  at  the  top,  and  turns  back,  as  if  on  a  hinge :  in 
iIm  case  tbe  anthers  are  said  to  open  by  valves.  In  tbe  Sassafns 
(Fig.  999),  and  many  other  plants  of  the  Laurel  Family,  each  lobe- 
sf  the  anther  opens  'by  two  such  valves,  like  tiap^Joors. 

5S9.  Sometimes  tbe  anthen  are  one-celled  by  the  suppression 
(^  one  lobe,  being  dimdiatty  or  reduced  as  it  were  to  half-stamens, 
u  ia  Gomphrena,  and  some  other  Amaranthaoeous  plants ;  but 
tbaj  more  frequenily  become  one^elled  by  the  confluence  of  die 
tiro  lobes,  and  the  disappearance  of  the  partition  between  them. 
Tbe  kidney-shaped  one-celled  anthers  of  the  Hallow  Family  ouy 
ba  etxiceived  to  arise  from  the  divergence  of  the  hose  of  the  two 
lobes,  and  their  perfect  confluence  at  the  apex ;  and  the  opening 
ctmsequently  lakes  place  by  a  continuous  sutural  line  passing  round 
(be  margin  (Fig.  616).  A  somewhat  similar  case  occura  ia 
Honards  and  some  other  plants  of  the  Mint  Family,  wlure  only 
one  of  the  two  lobes  remains  parallel  with  the  filament  or  con^ 
■sc^;  while  tbe  other,  describing  a  semicircle,  is  brought  into 
the  nine  vertical  tine,  where  it  stands  bottom  upwards ;  and  tbft 
two,  cohering  by  tbeir  contiguous  eitiemitiea,  become  oonfluent 
ills  a  single  c^,  which  opens  by  a  continuoua  straight  line  ffoan 
ase  end  to  the  other.  The  anther  of  Teucrium  diflen  from  tbe 
Iw  chiefly  in  tbe  enla^d  connective,  on  which  the  divaricate 
bkei  rest ;  and  the  cel^,  at  firat  distiDct,  are  ooofliwBt  into  ona 
lAn  lbs  anther  opens.    In  the  Thyme,  the  antbwvlobes  ore  olw 
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groally  dive^nt,  but  are  Mpanted  by  the  thickened  connectin, 
vhich  in  thb  family  is  often  lai^r  than  the  celh.  Id  the  Sage, 
the  singular  elongated  connective  aita  astride  the  apex  of  the  fil> 
amenl,  and  bean  an  anther-cell  at  each  extiemity;  one  of  which 
IB  perfect  and  contains  pollen,  while  the  other  is  imperfect  or  abor- 
tive. Illustrationa  of  these  diversities  will  be  found  under  the  Ord. 
I^biats.  We  have  no  room  to  pass  in  review  even  the  moie 
common  of  the  almost  endless  variations  which  the  anther  exhibits. 

530.  As  to  its  structure,  each  lobe  of  the  full-grown  anther  cod- 
nsts  of  an  epidermal 'membrane,  lined  with  a  delicate  fibrous  tis- 
sue, and  surrounding  a  cavity  filled  with  pollen.  This  fibrous 
lining,  a  part  of  which  is  shown  in  Pig.  32,  from  the  anther  of 
Cobea,  is  composed  of  simple  or  branching  attenuated  threads  ot 
bands,  which  formed  the  thickening  deposit  on  the  walls  of  large 
parenchymatous  cells;  all  the  membrane  between  the  bands  be- 
coming oblilemted  as  tbe  anther  approaches  maturity,  the  latter 
alone  remain,  as  a  set  of  delicate  fibres.  This  fibrous  layer  gnd- 
ually  diminishes  in  thickness  as  it  approaches  the  line  of  dehis- 
cence of  the  cell,  and  there  it  is  completely  interrupted.  These 
very  elastic  and  hygrometric  threads  lengthen  or  contract  in  differ- 
ent ways,  according  as  the  anther  is  dry  or  moist ;  which  move- 
ments, after  tbe  pollen  has  appropriated  all  the  juices  of  the  tissue, 
aid  in  the  disruptioD  of  the  anther  along  the  suture,  and  then  &vor 
the  egress  of  the  pollen.  The  wiJIs  of  many  anthers  are  curved 
outwards,  or  completely  turned  inside  out,  as  in  Grasses,  by  the 
unlike  hygronMtric  state  of  the  external  and  the  internal  layers. 

531.  Of  all  the  floial  organs,  tbe  anther  shows  least  likeness  to 
a  leaf.  Nevertheless,  the  early  development  is  neariy  the  same. 
Like  the  leaf,  the  apex  is  earliest  formed,  appearing  first  as  a  solid 
protuberance,  and  the  anther  is  completed  before  the  filament, 
which  answers  to  the  leaf-staJk,  makes  its  appearance.  At  first, 
the  anther  is  of  a  greenish  hue,  although  at  maturity  tbe  cells 
BBsuroe  a  diSerettt  color,  more  commonly  yellow.  A  transverse 
section  of  the  forming  anther  shows  four  pbces  in  whksh  the  trans- 
formation of  the  parenchyma  into  poHen  commences,  whbh  an- 
swer to  the  centre  of  tbe  four  divisions  of  the  parenchyma  ot  a 
leaf,  viz.  the  two  udes  of  the  blade,  each  distinguished  into  il> 
upper  and  its  lower  stratum.  So  that  the  anther  is  primarily  and 
typically  four-celled  ;  each  lobe  being  divided  l^  a  portion  of  nil- 
transformed  tissue  Mretclung  from  the  conoectiva  to  the  opposiie 
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■de,  which  corresponda  to  the  margin  of  the  leaf  and  the  line  of 
dehiacence.  This  appearaoce  is  presented  hy  a  large  number  of 
fall-grown  anthers :  but  the  partition  usually  disappears  before  the 
utther  opens,  when  each  lobe  becomes  single-celled.  The  normal 
uiher  ia  consequently  considered  as  two-celled.  In  Menispermum 
u>d  Cocculns  (Pig.  496),  however,  the  anther  is  strongly  four- 
k)bed  externally,  and  each  lobe  forms  a  distinct  cell,  at  maturity. 
Although  the  stamens  originate  a  little  later  than  the  petals,  when 
diese  are  present,  yet  they  outgrow  them  at  first,  and  their  fonna- 
tioQ  is  earlier  completed  (489). 

532.  tbt  PoUei)  contained  in  the  anther,  which  appears  to  the 
nked  eye  like  a  mere  powder,  consists  of  grains  of  definite  size 
■nd  shape,  which  are  uniform  in  the  same  plant,  but  often  very 
diferent  in  different  species  or  natural  families.  Although  com- 
monly spherical  or  oval,  they  are  cylindrical  in  the  Spiderwort 
(Tndeacantia),  nearly  square  in  Colutea,  many-sided  In  the  Tea- 
nI,  and  triangular,  with  the  angles  dilated  and  rounded,  in  the 
Evening  Primrose  (Fig.  419).  The  most  remarkable  shape  is 
that  of  Zoetera  (a  marine  aquatic  plant),  in  which  the  grains  con- 
flst  of  long  and  slender  threads,  which,  as  they  lie  side  by  side  in 
i»  anther,  resemble  a  skein  of  silk.  Their  surface,  although  more 
fiequendy  smooth  and  even,  is  banded  or  created  in  many  cases ; 
it  is  reticulated  m  the  Passion-flower,  and  studded  with  strong 
pcnnts  in  Convolvulus  purpureus  (Fig.  417),  or  short  bristles  in  the 
Hallow  Family  and  the  Gourd.    The  color  is  usually  yellow. 

533.  The  grains  of  pollen  are  single  cells,  formed  usually  in 
fours,  by  the  division  of  the  living  contents  of  mother  cells  first 
ialo  two,  and  these  again  into  two  parts,  which,  acquiring  a  layer 
of  cellulose,  become  four  specialized  cells,  nearly  in  the  manner 
already  described  (31, 95).  As  the  pollen  completes  its  growth, 
the  walls  of  the  mother  cells  are  usually  absorbed  or  obliterated, 
when  the  grains  lie  loose  in  the  cell.  But  sometimes  the  iocloaiog 
calls  persist,  and  collect  the  pollen-grmns  into  coherent  masses  of 
various  consistence,  as  in  the  Milkweed  Family  (Fig.  422)  and  in 
the  Orchis  Family  (Fig.  1096,  1101).  Such  pollen-masses  are 
sometimes  called  poUinia.  The  threads,  like  cobweb,  that  are 
loosely  mixed  irith  the  pollen  of  the  Evening  Primroee  (Fig,  700), 
■re  vestiges  of  oUiteraled  mother  cells. 

684.  Not  unfreqnently  the  four  grains  developed  in  the  same 
cell  cohere,  m<n«  or  less  firmly,  as  in  most  Ericaceous  plants ;  or 
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grow  oa  one  compound  grain,  without  undergoing  complete  & 
vieion.  The  grains  of  the  pollen  of  the  Evening  Primroae  Fam- 
ily (Fig.  419)  thus  consist  of  the  rudiments  of  four,  which  remaia 
in  Biriot  combination ;  one  of  them  enlarge  to  form  the  main 
body  of  the  grain,  wbilo  the  three  others  appear  as  boases  oa  its 
angles.  Rarely  the  four  cohering  grains  are  placed  in  the  same 
plane.  They  usually  stand  in  the  same  relation  to  each  other  as 
the  four  angles  <d  a  cube.  In  the  Mimosa  Family,  the  divinon 
goes  farther,  and  gives  rise  to  eight  or  sixteen  lightly  cobemot 
grains  in  each  oiass. 

535.  The  pollen-graios  have  two  coats ;  the  exterior  of  which, 
called  the  extine,  is  quite  firm  and  often  wax-like,  granular,  or 
fleshy ;  to  it  the  bands,  points,  or  other  markings  belong.  It  is 
a  secretion  from  the  inner  layer,  which  is  the  proper  membrane 
of  the  cell.  This  inner  coat,  named  the  tntine,  is  a  thin,  uniform, 
transparent  and  colorless,  highly  extenuble  membrane.  It  absorbs 
vrater  rapidly,  and  when  exposed  to  its  action  the  grata  swelb  and 
soon  bursts,  discharging  its  contents.  These  conlsnta  are  a  Tiaci4 
fluid,  rich  in  protoplasm,  which  ofleu  appears  slightly  turbid  under 
the  higher  powers  of  ordinary  microscopes,  and,  when  submitted 
to  a  magnifying  power  of  three  hundred  diameters,  ia  found  to 
contain  a  multitude  of  minute  paroles  (/ovUla)  of  spherical  at 
oblong  form,  the  larger  of  which  are  from  the  fbur-thousandih  to 
the  five-thousandth  of  an  inch  in  length,  and  the  smaller  only  one 
fourth  or  one  sixth  of  this  size.  The  smaller  exhibit  the  constsni 
molecular  motion  of  all  such  minute  particles  when  suqiendsd  in 
a  liquid  and  viewed  under  a  sufficient  raa^fyiag  power.  The 
larger  are  some  of  them  of  the  nature  of  starch-grains  ;  some  coin 
sist  of  oily  matter,  Si,c.  The  pollen  of  certain  aquatic  plants  — 
that  of  Zostera  very  distinctly  —  has  only  a  single  (the  iUemal  or 
proper)  membrane. 

536.  When  wetted,  the  grains  of  pollen  promptly  i^bsorb  water 
by  endosmosis  (37),  and  are  distended,  changing  their  shape  bowb- 
what,  and  obliteiating  the  lon^ptudinal  folds,  one  or  more  in  oum- 
ber,  which  many  grains  exhibit  in  the  dry  state.  Soon  the  more 
extensible  and  elastic  inner  coat  inclines  to  force  its  way  through 
the  weaker  parts  of  the  exterior,  especially  at  one  or  more  thin 
points  or  pores ;  sometimes  projecting  so  as  to  farm  a  tube  of  coo^ 
uderable  lengtii,  when  the  ahsoiption  is  slow  and  the  exterior  cost- 
ing tough.    The  absorption  continuing,  the  diateUion  seen  ove^ 
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eomes  the  resistance  of  the  inner  coat,  which  bnreis,  with  the  enip- 
tioD  of  the  contents  in  a  jet  When  fresh,  living  pollen  falls 
upon  the  stigma,  however,  which  is  barely  moist,  but  not  wet,  it 
does  not  butat,  but  the  inner  membrane  is  riowly  projected,  often 
through  particular  points,  clefts,  or  valvular  openings  of  the  outef 
coat,  in  the  form  of  an  attenuated  transparent  tube  (Fig.  416- 
418),  filled  with  its  fluid  contents,  which  penetrates  the  naked  and 
looee  cellular  tissue  of  the  stigma,  and  buries  itself  in  the  style 
(Fig.  419).  This,  however,  is  not  a  mechanical  protrusion,  but  a 
true  growdi,  depending  on  nutrition  imbibed  from  the  stigma  and 
(tyle.  Its  further  course  and  the  office  it  subserves  will  be.ccHi- 
ndered  after  the  structure  of  the  pistil  is  made  known. 

Sect.  VII.    The  Pistils. 

537.  Tke  Plltfll  (419)  occupy  the  centre  of  the  flower,  and  ter 
minate  the  axis  of  growth.  Their  number  is  designated  by  Greek 
namerals  prefixed  to  the  name  applied  to  the  pistil  from  the  same 
hnguage.  Thus,  a  flower  with  a  single  pistil  is  said  to  be  mono- 
gjmow ;  with  two,  digynous ;  with  three,  Iriggnout ,-  with  four, 
tttragynotu  ;  with  five,  pentagynotu ;  with  six,  hexagynotu  ;  with  . 
seven,  heptagynout;  with  eight,  octogynena;  with  nine,  enneagif' 
nmu;  w'ahttn,decagyiioua;  and  so  on:  and  when  more  numerous 
or  indefinite,  they  are  termed  palygynout,  (See  the  Lionsan 
Onlers,  684.) 

538.  It  is  comparatively  seldom  that  the  pistils  are  actually 
equal  to  the  petals  or  sepals  (480)  in  number;  they  are  some- 
times  more  numerous,  and  arranged  in  several  rows  upon  the 
enlai^ed  or  prolonged  receptacle,  as  in  the  Magnolia,  the  Straw- 
berry, Si,c.,  and  perhaps  more  frequently  they  are  reduced  to  less 
than  the  typical  number,  or  to  a  single  one.  Yet  often  whftt  ap- 
p^iB  to  be  a  single  pistil  is  not  so  in  reali^,  but  a  compound  or^ 
pn,  formed  by  the  union  of  two,  three,  or  a  greater  number  of 
ample  pistils  ;  as  is  shown  in  Fig.  361-390. 

5S9.  A  pistil,  as  already  described  (420),  is  composed  of  three 
paili ;  the  Otabt,  or  seed-bearing  portion  ;  the  Sttle,  or  taper- 
ing portion,  into  which  the  apex  of  the  ovary  is  prolonged ;  and 
Ibe  &TIG1U,  usually  situated  at  the  summit  of  the  style,  cfinsisting 
of  a  part,  <»  sometimes  a  mere  point,  of  the  latter,  divested  of  epi- 
dennis,  widi-ils  moist  cellular  tissue  exposed  to  the  air.    Hie 


,y  Google 


998  THB   FLOWBR, 

ovuy,  which  contaiDS  the  jrouog  seedi,  or  ovules,  it  of  courae  h 
necesaary  part  of  the  pistil :  tha  stigma,  which  receives  from  the 
BDthen  the  pollen  (536)  by  which  the  ovules  are  fertilized,  is  no 
less  necessary :  but  the  interveaing  style  is  no  more  essential  to 
the  pistil  than  the  filament  is  to  the  stamen,  and  is  therefore  not 
uivoomm(»ily  wanting.  In  the  latter  case,  the  stigma  is  MettOe 
upon  the  apei  of  the  ovary.  In  Tasmannia  it  actually  occupies 
the  side  of  the  ovary  for  nearly  its  whole  length,  and  is  separated 
from  the  line  to  which  the  ovules  are  attached  only  by  the  thick- 
ttesa  of  the  walls ;  and  it  is  nearly  the  same  in  our  Schizandra 
(Fig.  375),  another  plant  of  the  Magnolia  Family.  The  style 
sometimes  proceeds  from  the  side,  oi  even  from  the  apparent  base 
of  the  ovary  ;  as  in  the  Strawberry. 

540.  When  the  pistil  is  reduced  to  a  single  one,  or  when  several 
coalesce  into  one,  it  will  necessarily  terminate  the  axis,  and  appear 
to  be  a  direct  continuation  of  it  When  there  are  two  pistils  in 
the  flower,  they  always  stand  oppoole  each  other  (so  that  if  they 
coalesce  it  is  by  their  inner  faces) ;  and  are  either  lateral  as  re- 
spects the  flower,  that  is,  one  on  the  right  side  and  the  other  on  the 
1af\,  m  a  plane  at  right  angles  to  tbe  bract  and  axis  (444),  as  in  the 
Mustard  Fanuly,  die  Gentian  Family,  and  a  few  otliera  ;  or,  more 
commonly,  anterior  and  posterior,  one  before  the  axis  and  the 
other  before  the  bract  of  the  axillary  flower.  When  thsy  accord 
is  number  with  tbe  sepals  or  petals,  they  are  either  opposed  to  or 
alternate  with  them ;  and  the  two  positions  in  this  respect  are 
sometimes  found  in  nearly  related  genera,  so  as  to  baffle  our  at- 
tempts at  explaining  the  cause  of  the  diSereoce.  In  Pavonia,  for 
ftsample,  the  five  pistils  are  opposite  the  petals ;  in  Malvaviacus 
and  Hibiscus,  alienate  with  them.  In  Sida,  when  five,  they  stand 
opposite  the  petals;  in  Abutilon,  opposite  the  sepals. 

541.  To  attain  a  correct  morphological  view  of  the  simple  pistil, 
we  must  contemplate  it  as  resulting  from  the  transformation  of  a 
leaf  wluch  is  folded  inwards,  and  the  margins  united;  in  a  manner 
that  will  be  perfectly  evident  on  comparing  Fig.  S63  with  Fig. 
370.  The  line  formed  by  the  union  of  the  margins  of  the  leaf  is 
called  the  [nnek  or  Vshtbjj.  Strraaa,  and  always  looks  towards 
the  axis  of  the  flower.  This  is  a  true  suture,  or  seam,  as  tbe  word 
denotes.  The  opposite  line,  which  answers  to  the  midrib,  is  some- 
times apparent  as  a  thickened  line,  and  is  termed  the  Outxb  or 
DoBSAL  SuTUBE.    The  surface  of  the  pistil  necessarily  corresponds 
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to  Ibe  lower,  Bnd  its  liniog  to  the  upper,  sur&ce  of  a  leaf.  The 
stalk  of  the  pistil  (487),  when  it  is  present,  represents  the  petiole ; 
■nd  a  proloDgation  of  the  apex  of  the  specialized  leaf  forms  the 
style.  The  stigma  occupies  some  portion  of  what  in  the  style  an- 
swers to  the  confluent  margins  of  the  transformed  leaf  (and  cer- 
tainly is  not  a  portion  of  the  midrib,  as  has  been  thought) ;  this  is 
evident  in  Tasmannia,  above  mentioned,  where  these  margins  are 
actually  ttigmatic  for  almost  their  whole  length,  and  in  Scbizandm, 
where  the  stigmatic  surface  (known  by  its  papillose  cells  or  other 
surface  exposed  directly  to  the  air,  without  any  epidermis)  begins 
externally  on  the  ventral  edge  of  the  pistil,  just  above 
the  point  where  the  ovules  are  attached  within  (Fig. 
375).  In  the  P«ony,  in  leopyrum  (Fig,  874),  and  a 
great  number  of  instances,  the  stigma  consists  of  two 
crested  ridges  or  parallel  lines  running  down  the  inner 
fece  of  the  style ;  and  in  a  still  larger  number  of  cases 
(as  in  nearly  all  Caryophyllaceie  and  a  part  of  Malva- 
cete),  a  continuous  stigmatic  surface  extends  down  this 
face  of  the  s^le  (Fig.  384).  Such  unilateral  stigmas 
we  accordingly  take  to  be  the  normal  form ;  and  say  "' 
that,  while  the  nnited  margins  of  the  typical  leaf  composing  the 
venlTftl  suture  are  turned  inwardt  into  the  eeU  of  the  ovary  to 
hear  the  ovules,  tn  the  timple  ttyle  they  are  exposed  externally  to 
form  the  ttigma.  Where  the  stigma  is  terminal,  or  occupies  only 
the  apex  of  the  style,  we  suppose 
that  these  margins  are  infolded  in 
the  style  also,  and  form  in  its  in- 
tenor  the  loose  conducting  tissue 
through  which  a  communication  is 
established  between  the  terminal  stig- 
ma and  the  interior  of  the  ovary. 
The  double  nature  of  the  stigma  (one 
lamella  of  which  corresponds  to  each 
margin  of  a  leaf)  is  still  evident  in  the  two  lobes  which  the 
terminal  stigma  exhibits  in  many  simple  pistils,  as  in  Hydrastis 
(Fig.  376),  and  Act^a  (Fig.  377). 
542.  The  ovary  contains  only  Ovules,  or  bodies  destined  to  be- 

'snlnl  Tlew  of  ■  pistil  of  Iiop;nim  bllamalum,  ibowlng  Ibg  doubla  Mlfiu  ; 
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come  seeds  nfler  fertilizatioti  (420).  These,  in  all  ordinary  cases, 
are  borne  on  the  part  which  represents  the  margins  of  the  lraDs> 
formed  leaf.  The)r  are  in  some  sort  analogous  to  buds,  which  are 
occasionally  developed  on  the  margins  of  leaves  (as  in  the  well- 
known  case  of  Bryophyllum,  Fig.  271).  Since  both  margins  of 
the  infolded  leaf  may  bear  ovules,  the  latter  are  normally  arranged 
in  two  rows  (one  far  each  margin)  on  the  inner  or  Tontral  suturej 
as  is  seen  in  Pig.  263,  374,  877.  The  ovule-bearing  portion  of 
the  ventral  suture,  which  of^en  forms' a  ridge  or  crest  projecting 
more  or  less  into  the  cavity  of  the  ovary,  is  named 

543.  The  Flactnta.  As  it  corresponds  wiib  the  ventral  suture, 
and  is  in  fact  a  part  of  it,  or  a  cellular  growth  from  it,  it  is  always 
placed  next  the  axis  of  the  flower ;  as  ia  evidently  the  case  when 
two,  three,  or  more  pistils  are  present  (Fig.  379-383).  Esch 
placenta  necessarily  consists  of  two  parts,  one-  belonging  to  each 
of  the  confluent  margins  of  the  transformed  leaf.  It  therefore  it 
frequently  two-lobed,  or  of  two  diverging  lamellffi  (Fig-  S63). 
The  ovules  vary  greatly  in  number ;  being  sometimes  very  nu- 
merous and  in  several  rows  on  a  broad  placenta,  as  in  the  May- 
Apple  (Podophyllum) ;  sometimes  in  two  normal  rows  occupying 
the  whole  length  of  the  ventral  suture,  as  in  the  Larkspur,  Colum- 
bine, Acttea  (Fig-  377),  &c. ;  sometimes  reduced  to  one  row  in 
appearance,  as  in  the  Pea,  where  on  inspection  ihey  will  be  found, 
however,  to  be  alternately  attached  to  each  lamella  of  the  placenta, 
that  is,  to  each  margin  of  the  leaf :  again,  they  occupy  only  its 
middle,  base,  or  summit,  where  they  are  often  reduced  to  a  definite 
number,  to  a  single  pair  (Fig.  375),  or  to  a  single  one  (Fig.  316). 

544.  When  the  pistils  are  distinct  or  uncombined,  they  are  said 
to  be  apocarpou*  ;  when  they  are  united,  and  form  a  compound 
pistil,  they  are  tyncarpoua.  We  have  carefully  to  distinguish  be- 
tween the  limple  pUtU,  which  represents  a  single  member  of  the 
gyntecium  (419),  and  the  covqxitmd  pitlil,  which  answers  to  the 
whole  circle  coalescent  into  one  body.  To  subserve  this  purpose, 
botanists  have  coined  the  name  of 

545.  Tbe  Cupel  or  CupidiUD.  This  name  designates  an  individual 
member  of  ^e  gynsscial  circle,  whether  it  occur  as  a  separate  ta 
simple  pistil,  or  as  one  of  the  elements  of  a  compound  pistil.  It  ia 
in  the  latter  case  that  the  name  is  principally  needful.  All  degrees 
of  union  of  the  carpels  may  be  observed,  from  the  mere  cohenoa 
of  their  contiguous  inner  angles,  to  the  perfect  consolidation  of  the 
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oraries  wfaile  the  styles  remain  distinct,  u  in  Spergulana  (Fig. 
3S7),or  of  th«  latter  also.  Rarely  the  stigmas  or  styles  are  united 
vhile  tbe  ovaries  remain  distinct,  as  in  Asclepias  and  Apocynum 
(Fig.  953).    Numerous  il- 

ImtralioDB  of  all  the  varied  m  m  h 

ferau  are  given  in  the  sys- 
tematic part  of  this  volume. 
Tbe  annexed  diagrams 
npreaent.  Fig.  378,  379, 
three  distinct  but  approxi- 
DMled  pistils;  Fig.  880, 
981,  three  similar  pistils 
with  only  their  ovaries  co- 
descent;  and  Fig.  382, 
383,  three  pistils  with  their 
Rylea  as  well  as  their  ova- 
ries united  into  one. 

546.  TIm  Gmpaild  PiltU.  From  theae  illustrations  the  regular 
structure  of  the  compound  pistil  is  readily  seen,  at  least  as  to  the 
more  common  and  normal  case,  namely,  where  the  cross-section 
daplays  two  or  more  celU,  or  separate  cavities.  For  it  is  evident 
that,  if  the  contiguous  parts  of  a  whorl  of  three  or  more  carpels  co- 
here, the  resulting  compound  ovary  will  have  as  many  cavities,  or 
cells,  as  there  are  carpels  in  its  compontion,  and  the  placenta  will 
■U  be  brought  together  in  tbe  axis ;  as  is  shown  in  Fig.  381, 383, 
in  Pig.  291,  and  in  the  gyofficium  of  Fig.  306,  as  compared  with 
Fig.  284,  &.C 

547.  The  partitions,  or  DissBPimifTB,  which  divide  tbe  com- 
{MHiod  ovary  into  cells,  are  evidently  composed  of  the  united  con- 
tiguous portions  of  the  walls  of  the  carpels.  These  necessarily  ' 
coosist  of  two  layers,  one  belonging  to  each  carpet ;  they  ore 
always  vertical,  and  are  equal  in  number  to  the  carpels  of  which 
the  compound  pistil  is  constructed. 

548.  A  single  carpel,  therefore,  has  no  proper  dissepiment  b 
is,  however,  sometimes  divided  by  spurious  partitions,  separating 
tbe  cavity  into  separate  cells  or  joints,  placed  one  above  another, 

:h  puna  dam  tb«  Inur  slda  nprsKmilDf 
Ttrlu,  ibaitlni  tha  tH  mm  of  anika,  oe- 

ulun.    390.  A  Kbori  of  thna  pinJla,  Ihslr  OTirin  onllnl. 

1.  Tbiw  plnJU,  wllh  ilitii  ii/lv  iIm  nolud  qgli*  u  tte 
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as  in  some  species  of  Cassia,  ia  Desmodium,  &c.  (Pig,  440, 441) ; 
or  evea  b)r  a  rertical  false  dissepiment  produced  by  the  introflexion 
of  the  inner  or  placental  suture,  as  is  partially  the  case  in  bodw 
species  of  Phoca  and  Oxytropis  (Fig.  445) ;  or  by  a  projecti«i 
from  the  dor«al  suture,  as  in  the  Flax  (Fig.  680, 631),  the  Service- 
Berry,  and  many  species  of  Vaccinium  ;  or  by  its  introflexion,  u 
io  Astragalus  (Pig.  444). 

549.  A  compound  ovary  of  two  cells,  or  heuii,  is  biJoaiiar ;  of 
three,  tn'/oculor ;  ot  four,  quadriloaUar ;  of  &ve,  quinqiteloeuUtr ; 
and  BO  on.  If  of  several  without  reference  to  the  number,  it  it 
said  to  be  plurHoadar,  or  muUiloeuiar;  the  .former  name  beiDg 
used  when  the  cells  are  compamtively  few,  the  latter  when  man 
numeioUB.    We  may,  however,  have  a 

550.  nafloeulu  CompODnd  Piltil,  where  the  ovary,  aldiougfa  com- 
posed of  two  or  more  carpels,  is  yet  one-celled,  that  is,  has  a  single 
cavity.  The  cases  of  ihe  sort  are  of  two  principal  kinds,  namely, 
first, 

551.  With  a  frtt  Platenta  In  the  Alil,  as  in  the  Primrose  Fara< 
ily  (Fig.  825),  and  in  a  lai^  part  of  the  Chickweed  and  Pink 
Family,  as  shown  in  Fig.  384.     This  is  usually  explained  on  tbe 

supposition  that  the  dissepiments  are  obliterated  or 
torn  away  by  the  expansion  during  the  growth  of 
the  ovary,  these  alone  being  wanting  to  complete  the 
structure  of  the  normal  compound  ovary  already  de- 
scribed, as  will  be  seen  by  comparing  the  diagram, 
Fig.  387,  with  Fig.  383.  This  is  demonstrably 
the  true  explanation  in  the  Chickweed  and  Fuik 
Family ;  for  the  disaepimeata,  or  vestiges  of  them, 
"*  may  be  detected  at  an  early  stage,  and  sometimes  at 

the  base  of  the  full-grown  ovary  ;  while  certain  plants  of  the  same 
family,  of  otherwise  identical  structure,  retain  the  partitions  even 
in  the  ripe  pod.  Other  cases,  however,  especially  where  there  are 
a  few  ovules,  or  even  a  single  one,  as  in  Thrift  (Fig.  840),  arising 
from  the  base  of  the  cell,  are  more  properly  referred  to  tbe  other 
kind  of  unilocular  compound  pistil,  namely,  that 

552.  Wlfll  PtrltUI  FlucHtaUon.  If  we  suppose  a  circle  of  three 
carpellary  leaves,  with  their  margins  turned  inwards,  yet  not  so  as 
to  reach  the  axis,  to  cohere  merely  by  their  contiguous  inflexed 
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ponioDi,  a  one-celled  tricnrpellaiy  onry  would  result,  with  three 
imperfect  dinepiments  projecting  into  the  cavity,  but  not  dividing 
h  iDlo  distinct  cells  (as  in  the  diagram,  Pig.  3S5).  The  placents 
ire  here  borne  upon  the  extremity  of  the  imperfect  diaaeplmenta, 
which.  If  somewhat 
prolonged,     would 

meet  and  unite  lo   f\p       cy\      d?  ^'%      i^     '~)     ' 

the  centre,  eoastol  |[  ill     ^to 

present  the  regular 
ttiree-celled  struc- 
tore   (as    in    Fig. 

383).  This  will  be  evident  on  comparing  the  pod  of  the  Common 
St  John's-wort  (Fig.  655),  which  is  completely  three-celled  with 
the  placentsB  united  in  the  axis,  with  the  ovary  of  another  species 
(Fig.  388),  where  the  three  placenta  touch  in  the 
centre  without  cohering,  and  with  the  full-grown 
pod  of  the  last  (Pig.  389),  where  they  are  drawn 
asunder  by  the  expansion  of  the  growing  pod,  and 
remain  attached  only  to  its  walls,  borne  on  three 
slight  introflexions,  which  stand  in  the  place  of  dis* 
sepiments.  Pamassia  affords  a  similar  instance, 
only  there  are  usually  four  such  placentee  instead 
of  three  (Fig.  304,  the  centre  of  which  represents 
a  cross-section  of  the  4-carpeIlary  ovary).  These 
instances  bring  us  to  the  frequent  case  in  which 
we  may  say  that  the  leaves  of  the  gyneecial  verti- 
cil, placed  merely  in  appoaitioo,  as  in  valvate  mstivation  (499), 
directly  ctAere  into  one  circle  by  their  respective  contiguous  mar- 
gins; which,  being  barely  induplicate,  form  placentte  which  are 
borne  directly  on  the  walls.  This  is  shown  in  the  digram.  Pig. 
386,  representing  a  cross-eection  of  three  carpels  thus  combined 
iBto  a  compound  one-celled  ovary,  without  any  appearance  of  dis-  > 
•epimeats.  Thus  borne  upon  the  walls,  instead  of  in  the  axis  of 
the  compound  ovary,  the  placenta  are  said  to  be  parUlaL  Exam- 
plsi  of  the  kind  with  a  tricarpellary  ovary  are  furnished  by  many 

FIG.  SS-ag7.  DUtmw  lltuMntlnf  puitul  ua  Am  eemnl  ptucnuLlocu  38E.  Crow- 
ffMon  of  to  ttnrj  eoninid  of  Uin*  uniud  nrpali,  wh*r*  ihe  Inirefiaud  ponioiu  do  not 
ntk  Ot  (mm.  XS.  Siuioa  of  i  ilmilw  ontf,  siiapt  thu  tba  plmuiil  nsrgtu  imli* 
Mikai  uj  Iniroaeiioii  (plumU*  alrlcUj  pirlaul).  387.  SMiton  or  *  irluupellirj  onrj, 
*Hk  •  lim  ctnint  plauDU,  pcodncad  bj  tlw  oMIUntion  of  Iho  dlanptiDMU. 

no.  m.   Hi«Di<M  a«m-tta\in  al  Um  oncj  of  Hrparteum  (nTMin*.    389.  bkn^ 
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HypericuRw,  by  the  Violet  Family,  the  Ciatua  Family  {Fig.  MS), 
DroMm  (I^g.SM),  &c.  Also,  in  an  ovaiy  of  two  carpels,  by  tbe 
Caper  Family  (Fig.  S37),  the  Fumitory  Family 
(Fig.  SM),  the  Gooseberry  (Fig.  711),  &e. 

653.  An  ovary  with  parietal  placente  is  neces- 
nrily  ooe-celled ;  except  it  be  dirided  by  an  anomft' 
lous  paTtition,such  as  that  of  Cruciferous  plants,  &c. 

5M.  A  compound  pistil  of  this  kind  may  have  the 
sutures  ovuliferous,  or  develope  placentEB,  only  at 
some  particular  part,  as  at  the  summit  or  the  base 
of  the  cell ;  and  there  few  or  only  solitary  ovules 
may  be  developed,  as  in  the  Thrifl  (Fig.  S40),  in 
Compositn,  die.,  which  reduces  the  case  to  the 
greatest  rimplicity.  The  coufiuence  of  two  or  mora  basilar  pari- 
etal placentte  will  account  for  the  free  central  placentation  in  csaes 
where  no  dissepiments  are  discernible  at  an  early  period,  as  in  lbs 
Primrose  Family, 

556.  It  will  be  seen  that  parietal  plaoeotn  an  necesserily  doo- 
Ue,  like  the  placenta  of  a  simple  ovary,  or  of  each  carpel  of  a 
compound  plurilocular  ovary ;  but  with  this  dififarance,  that  in  the*e 
eases  the  two  portions  belong  to  the  two  margins  of  the  seme  cai^ 
pel ;  while  in  parietal  placenlm  they  are  formed  from  the  coalei- 
cent  maigina  of  two  adjacent  carpels.  This  will  readily  appear  on 
mmparing  ttw  diagrams.  Fig.  879,  381,  with  Fig.  386,  386. 

666.  The  number  of  carpels  of  which  a  compound  ovary  cod- 
lists  is  indicated  by  the  number  of  true  dissepiments  when  then 
exist  (547) ;  or  by  the  number  of  placents,  when  these  are  pari^ 
tal  (663) ;  or  by  the  number  of  styles  or  stigmas,  when  these  an 
Bot  wholly  united  into  one  body.  Thus  a  nmple  pistil  has  a  singto 
cell,  a  single  placenta,  and  a  single  style.  A  pistil  of  two  carpels 
may  be  two-celled,  with  two  ptacentn,  two  styles,  dec. 

557.  There  are,  however,  some  exceptions  which  qualify  these 
statements :  —  1.  Each  placenta  being  a  double  oi^n  (555),  it  oo- 
casionally  happens  that  the  two  portions  are  separated  more  or 
less,  as  in  Orobanchaceous  plants,  where  a  dicarpellary  ovary  ap- 
pears on  this  account  to  have  four  parietal  placentte ;  either  ap- 
proximate in  pairs  (as  in  our  Cancer-root,  Cooopholis),  or  equidi^ 
taut  (as  in  Aphyllon).     2.   Analogous  to  this  is  the  case  where 

PIG.  7B0.    Plnll  or  Dmen  Bllteintbiii,  iriUi  ihna  S-puud  njlii )  Uv  onrj  cai  Km*, 
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tbe  two  constituent  elements  of  the  stigma  (the  onlf  esMntntl  part 
of  the  aty\B)  separate  into  two  half-stigmas;  a  tendency  to  which 
la  seen  in  Fig.  376, 377,  and  which  is  carried  out  in  most  spe- 
cies of  Droeera  (Fig.  390).  The  stigma,  no  less  than  the  placenta, 
belongs  to  the  margins  of  the  infolded  leaf  (541),  these  margins 
being  tmuliferoiu  in  the  ovary  and  iHgmatiferotu  in  the  style ;  as 
Mr.  Brown,  the  most  profound  hotanist  of  this  or  any  age,  has 
clearly  shown.  These  two  constituent  portions  of  the  style  or 
etigma  are  usually  combined ;  but  are  not  unfrequently  separate, 
either  entirely  or  in  part,  as  in  Euphorbiaceous  plants,  in  Grasses, 
uid  especially  in  Drosera,  where  there  are  consequently  twice  as 
msDy  neariy  distinct  styles  as  there  are  parietal  placentra  in  the 
compound  ovary.  If  the  two  component  parts  of  the  style  of  each 
csrpel  were  reunited  into  one,  in  the  usual  manner,  their  number 
would  equal  the  placentse,  and  their  position  would  be  alternate 
whb  the  latter.  But  since,  in  parietal  placenlation,  each  tulf-plo' 
caita  is  confluent,  not  with  its  fellow  of  the  same  carpel,  but  with 
ibe  contiguous  half^lacenla  of  the  adjacent  carpel  (&55),  it  were 
■urely  no  greater  anomaly  for  the  elements  of  such  \alf-tiigmaa 
ulhose  of  Drosera  (Fig.  390)  to  follow  the  same  course.  This 
ii  precisely  what  takes  place  in  Pamassia,  and  in  other  cases 
where  the  stigmas  are  opposite  the  parietal  placents; — cases 
wbich  were  thought  to  be  very  anomalous,  merely  on  account  of 
ibe  adoption  of  a  false  principle  (that  of  the  necessary  alternation 
'  of  the  stigmas  and  placentse),  but  which  are  really  no  more  so 
dun  the  parietal  placentation  itself.  The  division  of  the  style 
ia  nich  cases  furnishes  further  examples  of  collateral  chorisis. 
Sometimes  the  simple  style  is  repeatedly  forked  in  this  way,  or  cut 
into  a  fringe  at  the  summit,  as  in  Tumem,  and  the  short  lobes  of 
dw  compound  style  in  Diontea.  3.  Furthermore,  the  production 
of  ovules  is  not  always  restricted  to  what  answers  to  the  margins 
of  the  carpellary  leaves.  In  the  Poppy,  the  whole  surface  of  the 
long,  imperfect  partitions  is  covered  with  ovule; ;  in  Butomus,  they 
an  boine  over  the  whole  internal  face  of  each  carpel,  and  in  the 
Waier-Lilies  over  the  whole  surface  (Fig.  266),  except  the  inner 
ingle  of  each  cell,  where  alone  they  normally  belong.  Seduced 
to  two  in  the  allied  Water-Shield  (Brasenia,  Fig.  515),  the  ovules 
grow  from  the  dorsal  suture,  or  the  midrib  of  the  carpellary  leaf 
slone  I  And  in  Cabomba  itself  we  usually  find  its  three  ovules, 
one  in  the  dorsal  and  one  on  the  ventral  suture,  and  the  third  on 


,y  Google 


306  TBI  PLOWBB 

some  Tariable  part  of  the  fttce  of  the  cell  in  the  vicinity  of  either 
suture.  In  Obolaria,  a  compound  unilocular  ovary  b  ovdifeniiN 
over  the  whole  wall  of  the  cell.* 

558.  When  the  styles  are  separate  towards  the  sammit,  bnt 
united  below,  they  are  usually  deitcribsd  as  a  single  organ ;  which 
is  said  to  be  parted,  defi,  lobed,  &c.,  according  to  the  extent  of 
cession.  This  language  was  adopted,  u  in  the  case  of  leaves 
(261)  and  floral  envelopes  (461),  long  before  the  real  structure 
was  uodeiTtood :  but,  aa  it  involves  an  erroneous  idea,  the  expres- 
sions, Stplea  dUtinet ;  tmited  at  the  haat  ;  witted  to  the  middle,  or 
fummtf,  &c.,  as  the  case  may  be,  should  bo  employed  in  preference. 

559.  A  few  casual  exceptions  occur  to  the  general  rule  that 
ovules  and  seeds  are  both  produced  and  matured  within  an  ovaiy, 
namely,  in  a  closed  carpellary  leaf  or  set  of  combined  carpellaiy 
leaves.  In  the  Blue  Cohosh,  Leontice  (Caulopbyllum)  tbatictrtH* 
des,  the  ovules  rupture  the  ovary  soon  after  flowering,  and  lbs 
seeds  become  naked ;  and  in  the  Mignonette  they  are  imperfectly 
protected,  the  ovary  being  open  at  the  summit  from  an  early  pe- 
riod. In  all  such  cases,  however,  the  pistil  is  formed  and  the 
ovules  are  feFtilined  in  the  ordinary  way. 

560.  fifnKeiQia  of  Ofmnnpcrmou  Flutt.  A  lar  more  important 
and  remarkable  eiceptic»i  is  presented  by  two  natural  families, 

the  CoAifers  (Pines,  Fin,  &«.,  Pig. 
391-402),  and  the  Cycadacese  (Cy- 
cas,  Zamia,  Fig.  403).  Here  the 
pistil,  as  likewise  the  whole  flower, 
is  reduced  to  the  last  degree  of  sim- 
plicity; each  fertile  flower  consisting 
merely  of  an  open  carpellary  leaf,  in  place  of  a  pisdl,  in  Uie  form 

*  These  wiotu  pbinu  are  eladdUed  by  Mr.  Brown,  in  PbnOix  JamnM 
Bariora,  pp.  107-113,  in  two  notea  which  ^iptrentl;  are  not  saffideodj 
itndied  bj  manj  English  bocanisla.  —  All  plaoentation  i>  verj  difiereail;  ex- 
plained by  those  who  adopt  the  hypotheais  of  Schleidcn  and  oihen.  Accord- 
log  10  this  new  view,  m  bada  regnlarl}!  arise  from  the  sxili  of  leave*  and  fraiB 
the  extremi^  of  the  uem  or  axii,  and  onlj  in  lome  exceptional  and  ^mornul 
caies  from  the  nisi;giD8  or  sorflKe  of  leave*,  lo  ovule*  are  conudered  to  ariM 
from  the  axilt  of  the  flower,  lika  terniinnl  bnda,  or  from  the  axlli  of  the  car 
pellaiy  learei,  like  aiilUiy  bads.    Thna,  placentc  are  inppoied  to  belong  lo 

FIQ.  381.  A  ciipdku7 nL<  AniB  IhaamanL  or*  Laicb,  IhaDppK  aide  umad  la  Iht  q«, 
■howiQi  ihs  piir  af  oniLsa  n  lu  bua  SO.  Tha  ibiu  lo  rndt,  nductd  in  idia ;  ocm  ef  Ih* 
winiad  iMda  nUl  Uuchad ;  the  otliu,  393,  nfanud. 


,y  Google 


IN   GTMNOflPKXMOUB   PLANTS.  ODT 

of  B  scale,  as  in  Pig.  891,  or  aoRietimes  of  a  different  ihape  (Fig. 


407),  which  bean  two  or  more  ovules  upon  some  part  of  its  mar- 

ix  axil,  and  not  to  tha  cupellaiy  lesvei ;  uid  ■  one-celled  ovary,  with  oii« 
ormoreoTalet  uuiog  from  the  bue  of  the  cell,  would  ne&rl;  repruent  the 
iTpial  Mote  of  the  gTiuadiim.  Tbii  theorj,  whidi  the  Inielligenl  sladent 
■uj  euiif  applj  id  detail,  oflere  the  leadiegt  ezplanatioii  of  free  central  pU- 
ecDtaiioa,  eapedall;  in  aiich  cases  m  Primnla,  &c.,  where  not  the  »lighte«t 
true  of  disiepimenta  ii  erer  discoTCtable.  It  must  be  admitted  that  the  moD- 
Rrotilin  which  occur  in  Filmnla,  and  some  other  pltnu  with  free  central 
pUcentatioQ,  lk<ror  this  new  view.  It  u  alio  perfectl;  applicable  lo  ordinary 
ceotnl  pUctDtUlon )  where  we  have  only  to  snppoie  the  coheaion  of  the  in- 
flexed  margini  of  the  carpellary  leaTes  with  a  central  prolongation  of  the  axis 
or  receptacle  which  bean  the  placenta.    Bat  in  caie  of  parietal  placeatolion, 

FK3.3M.  Cu])al]uT«algofCnprHnUHnp«Tirmg(lhgtnwCTpr«i),Hsarnim  wllhia, 
ud  ihoirtiif  Ilia  nunifiraiia  onbolnipoui  oruin  thu  nand  on  lu  tmtB.  38S.  Bnnch  or  Ahlt* 
badurii  (Hemloi^  Spnm),  with  )*Misl  lutnlwu  Itawin,  and  ■  ftnilg  ninUlB.  39t.  Slam. 
Ihu  tmiDi,  nacnlSiid.  aST,  CirpDlluj  Kile  sf  i  tanOt  aamt,  with  iu  bncL.  39e.  Sinil- 
W  fcclila  Hal*,  nan  nugrJflad  ind  iwi  from  wtlhln ;  ibiiwlng  tbi  Ina  oruha  adhinnt  to  Iu 
kn:  ma  of  (bam  (Uh  Isfl)  laid  open,  399.  The  Kala  in  ftxnii,  naarij  of  tba  nainnl  alu,  Iu 
l<Mr nihc* ocenplvil  bj  Ih* iwD aeadi.  400.  FoljcotjIedonouiambrToaof  AblsaandCypnaa. 
W.  TmlCilatMkngroae.    «B.  Strobile  <irikiDd]iimilMtckiiin(SaboidaTOiIiT*«liiaa). 
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gin  or  upper  Bar&ce.    The  othImi  therefore,  iiutea<i  of  beiog  io- 


Q"^ 


cloied  in  an  ovary,  and  acted  upon  hj  the  pollen  through  the  in- 

tha  adrocitM  of  thi*  iheor;  are  obliged  to  enppoM  that  ihe  asi*  diride*  within 
the  compooad  ovarj  inio  twice  u  msnj  branchei  u  then  are  carpeli  in  its 
composition,  and  thai  these  branches  regularlj  adhere,  in  pain,  one  to  each 
margin  of  all  (he  carpellar;  learei.  Iti  application  ii  attended  with  stilt 
greater  difflcnlciei  in  the  cam  of  simple  and  oncombined  piicili,  where  the 
OTBles  occnp7  the  whole  inner  tature,  which  »ra  donbtlcM  jiullj  aaanmed  h 
the  regular  and  tj'pical  itate  of  (ho  gjnKdnm  ;  bnt  (o  which  the  new  hjpoth- 
eais  can  be  adapted  only  by  lupposing  that  an  oToliferoui  branch  of  the  axia 
entera  each  carpel,  and  separatea  into  two  pam,  one  cohoring  with  each  mar- 
gin of  the  metamorphosed  leaf.  This  liew,  howenr,  oot  only  appears  Tcr; 
improbable,  bat  ma;  be  diaprored  by  direct  obaerration,  aa  it  baa  been  moat 
completely  by  those  monstrosities  in  which  an  anther  ia  changed  into  a  pistil, 
or  even  one  part  of  the  anther  is  tbns  transformed  and  bean  oTales,  while  the 
other,  aa  well  as  the  filBmenl,  remains  nnchaoged ;  —  a  oue  where  the  fonni- 
Fia  403.  ZtBi\i  iaugrikiii  (.iba  Omtic  ar  F]Biii£l.  «M.  Sstloo  of  Iba  duiti  unnl. 
toe.  Onn  nr  lu  Kaif  dgluhed,  beuing  luLIeiw)  uillwn.  406.  Fenlls  uuut,  fiuin  Khich  i 
qiiutsr-aBCilaa  i>  noianid.  40T.  A  pMIILau  dowel,  ciHulsiiag  al  im  orulo  (siideal  Iroin  lit 
.  IhicksDed  ntuinll  of  cbe  cvpflLEirj  lule.  401  A  dnipuaoiu  maiI,  Odd  whJcb  a  jmti  of  lIh 
pulpj  oeur  ponkm  to  nmorgO.  40S.  Twlul  Kctkin  through  ih*  Had  (of  tba  nunnl  tin), 
ibfimiat  Iha  pulpj  outar  cau,  tha  bud  ' 
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torreDtioD  of  e  stigma,  are  naked  and  exposed,  —  except  as  the^ 
an  more  or  less  covered  in  Pmes,  Firs,  8lc.,  by  tbe  imbrication  of 
the  carpellaiy  scales  into  a  sort  of  anient  or  cone  (aa  in  Fig.  176, 
Ac),  —  and  are  fertilized  by  the  direct  spplicatioD  of  the  pollen. 
Tbeir  seeds,  accordiogly,  are  destitute  of  a  pod,  or  any  nmilar  In- 
closure.  On  this  account  they  hare  received  the  name  of  Ora- 
xoanaxovs  Pi^ahts  (111) ;  literally,  plants  with  naked  seeds. 

Sect.  VIII.    The  Otum. 

561.  Vnln,  the  rudiments  of  future  seeds  (4S0),  at  first  appear 
like  minute  pulpy  excrescences  of  the  placenta;  but  long  before 
die  flower  expands  they  have  acquired  a  regular,  and  generally 
round  or  oral  form.  TlMy  are  attached  to  the  placenta  by  one 
Bxtremity,  either  directly,  or  by  a  short  stalk  called  the  Fimieului, 
or  Podotperm  (Pig,  413, 414).  As  to  number,  they  vary  IVom 
one  m  each  orary,  or  in  each  cell  of  the  compound  ovary,  to 
tevsml  or  many  upon  each  placenta.  In  the  former  case,  they 
•IB  said  to  be  lolitary ;  in  the  latter,  they  are  defittiU  when  their 
munber  is  uniform  and  not  remarkably  great,  and  indefinite,  when 
diey  are  too  numerous  to  be  readily  counted. 

662.  A3  to  atuatioD  and  direction  with  respect  M  the  cavity  that 
contains  them,  ovules  are  scud  to  be  erect  when  they  arise  from 
tbe  very  bottom  of  the  ovary ;  attending^  when  fixed  to  tbe  pla- 
centa above  tbe  base  and  directed  obliquely  upvrards ;  htrivmUd, 
when  they  project  from  the  side  of  the  cell,  without  turning  either 
vpwsrds  or  downwards  (Pig.  263) ;  pendvlout,  when  their  direc- 
lioQ  is  downwards;  and  mupended,  when  they  arise  from  the  sum- 

two  of  tba  placeota  from  ft  proceu  of  tbe  axb  !■  oat  of  the  qnwtioa.  This 
tjpoilicfl*  it,  UKTcfbre,  eotireij  onteoable  u  •  genenl  theor; ;  and  whether 
it  tUTordi  a  coma  eiplaiMUon  of  an;  (bm  of  central  or  baailar  placentatkm 
■Ml  be  left  for  fnrtber  obeerralion  to  detennine.  We  will  oolj  remark,  (hu 
*Tto  the  appearance  of  a  placenta  or  OTuliferoiu  bodkin  the  apparent  axil  of 
a  ctrpellar;  leaf  do  more  proTei  that  the  bod  j  in  qnestion  belong*  to  the  azia, 
Ihin  that  the  appendage  before  the  pclala  of  Pamania  and  the  American 
liDden,  or  the  nameo  of  a  Bhamnoa  or  Vitia,  repretenti  tbe  axli  of  a  brandi 
iMlMd  cf  a  leaf.  Aa  to  the  tennioal  naked  omle  of  the  Tew,  where  tbe 
•tmctiire,  on  anj  view,  is  reduced  to  the  greatest  poMible  simplicity,  it  i« 
rrIj  ai  probable  that  it  an«wen  to  the  earliest  fonned,  or  yafior,  portion  of 
Ae  last  phjioo,  here  alone  der^loped,  at  to  the  cokUm  part,  which  so  seldom 
*rf**n  in  the  flower. 
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mit  oflhe  ovary  bh^  hang  perpendiculariy  in  the  canty  (Fig.  SIS). 
Id  the  Thrifl  (Fig.  840),  aod  iq  the  Sumach,  the  ovule  is  8i■lgula^ 
ly  pendent  from  an  ascending  funiculus.  These  terras  are  appli- 
cable to  the  seed  as  well  aa  to  the  orule. 

5S3.  As  to  its  structure  and  formation,  the  ovule  appears  as  a 
mere  excrescence,  appapilU,  of  soft  and  homogeneous  parenchyma, 
which  soon  acquires  a  definite  form.  This  Ndclbos,  as  it  Is  called, 
is  the  essential  part  of  the  organ  ;  in  the  Mistletoe  it  actually  coa- 
Btitutes  the  whole,  its  ovule  having  no  integuments  of  its  own.  A 
hollow  place  is  formed  in  ita  interior  about  the  time  of  flowering, 
in  which  the  embryo  at  length  appears.  Idoat  ovules,  however.  In 
the  course  of  their  growth  acquire  an  envelope,  or  more  commonly 
two  envelopes.  Only  one  envelope  is  seen  in  the  ovule  of  the  Wgl- 
Dut,  where,  after  the  nucleus  is  formed  and  lias  assumed  its  ovate, 
shape,  a  circular  ring  appears  around  its  base,  which  gradually 
enlarges  into  a  sheath,  but  at  length  covers  it  like  a  sac,  which, 
however,  remains  open  at  the  apex.  This  orifice,  which  leads  to 
the  nucleus,  and  through  which,  indeed,  the  nucleus  often  pro- 
trades,  is  called  the  Forauem  or  the  Mickoftle.  In  far  the 
greater  number  'of  cases,  a  second  envelope  is  formed  outside  of 
ibe  first,  beginning  in  the  same  way,  though  always  later  than  the 
inner  one,  which,  however,  it  eventually  overtakes  and  incloses. 
The  outer  envelope,  when  both  are  present,  becomes  the  eiterior 
integument  or  tetta  of  the 
seed ;  and  the  inner,  its  teg- 
men  or  inner  coat  Hirbel 
named  the  exterior  coat  of  the 
ovule  the  Phijiinb,  and  the  in- 
terior the  SEcuNniNE,  names 
which  are  attended  with  the 
objection  that  the  secundine  or 
second  cost  is  actually  older 
than  the  primine  or  first  coat 
in  the  order  of  position.  Both 
9  are  open  at  the  apex,  and  the  summit  of  the  nucleus  poioti 


no.  410.    An  onhoUopoiii  Drul*.    411.  LonglliidlulHi 
oTula    113.  Thm  luiumpou  oiulH,  (rilh  Ihalr  runtcull,  ■ 
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dueclly  towsTda  the  ttperturea.  The  orifice  or  foramea  of  the 
eiterior  integument  is  called  ihe  Bzostohb  (or  outer  mouth),  that 
of  the  interior,  the  Ehikjstohe  (or  inner  mouth),  the  coats  of 
the  ovule  and  the  nucleus  are  distinct  and  unconnected,  except  At 
the  base,  or  point  of  attachment  to  the  funiculus,  where  they  are 
■11  perfectly  confluent :  this  point  of  unioo  receives  the  name  of 
ibeCsAUZA  (Fig.  411,  (f). 

564.  Through  the  funiculus  and  chalaza  the  ovule  derives  its 
Bouriqhntent  from  the  placenta;  through  the  opening  at  the  sum- 
mit, the  nucleus  receives  the  influence  of  the  pollen,  which  lesults 
ni  the  production  of  the  emlnyo.  . 

565.  Our  deecription  applies  to  the  complete  ovule  in  its  sim- 
plest form,  where  no  change  in  the  position  of  parts  takes  place 
during  its  growth,  the  chalaza  remaining  next  the  placenta,  with 
which  the  funiculus  directly  connects  it,  while  the  apex,  represent- 
ed by  the  foramen,  or  orifice  of  the  coats,  is  at  the  opposite  ex- 
tremity (as  in  Fig.  410),  Such  an  ovule,  not  being  curved  or 
tnmed  from  its  normal  direction,  is  called  atropovM  (literally,  not 
turned),  or  usually  orthotropaut  (straight).  This  simple  orthotro- 
pous  form  occurs  in  the  Cistus  Family  (Fig.  550),  and  the  Poly- 
gonum Family  (Fig.  986),  and  in  many  others. 

566.  In  the  greater  number  of  cases,  however,  a  change  of  rela- 
tive position  takes  place  during  the  development  of  the  ovule ;  con- 
listing  either  in  its  complete  inveruon  upon  the  funiculus  that  bears 
it,  so  that  the  orifice  or  apeX  is  brought  down  by  the  side  of  the 
■talk  and  pmnta  towards  the  placenta,  while  the  chalaza  looks  in  the 
opposite  direction  (as  in  Fig.  413, 414,  and  also  in  Fig.  263,  where 
SDch  ovules  are  seen  in  their  natural  position  in  the  ovary) ;  or 
else  dte  ovule  curves  upon  itself,  and  thus  brings  down  the  apex 
near  the  funiculus  (as  in  Fig.  416).  In  the  former  case,  the  ovule 
is  taiatropoiu,  or  inverted ;  in  the  latter,  it  is  campyJotropoia,  or 
curved.  Caropylotropoua  ovules  are  found  in  the  Mignonette,  in 
alt  Cruciferous  and  Caryophyllaceous  plants,  and  in  many  others ; 
but  the  anatropous  form  ia  by  far  the  most  common  of  all. 

567.  In  tauOropout  ovules,  the  funiculus  coheres  firmly  with 
that  part  of  the  surihce  which  is  applied  to  it ;  and  in  the  ripe  seed 
breaks  away  at  the  point  where  it  is  free  from  (he  integument,  to 
which  the  adherent  portion  remains  attached.  The  latter  receives 
ibe  name  of  Rhaphe  ;  and  appears  in  the  form  of  a  ridge,  cord,  or 

^  line,  passing  from  the  Hilith  (as  the  scar  left  by  the  breaking 
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away  of  Uie  funiculus  from  the  seed  is  termeii)  to  the  ch&laza, 
maiataiDing  the  communication  between  the  interior  of  the  ovule 
or  seed  and  the  plBceota.  The  ihaphe  is  only  found  in  the  anatrO' 
poua  orule,  and  serves  to  distinguish  it;  since  in  all  othen  the 
hikim  or  scar  eiaclly  corresponds  to  the  chalaza,  while  in  this 
the  two  occupy  opposite  extremities  of  the  seed ;  the  cbalaia, 
which  is  the  real  base,  being  by  this  inversion  situated  at  the  ap- 
parent apex,  while  the  roicropyla,  or  oi^anic  apex,  is  found  next 
the  hilum,  or  the  apparent  base.  This  is  perfectly  simple  on  die 
auppoeition  that  an  anatropous  ovule  is  produced  by  tbe  mers 
adtiesion  of  the  funiculus  to  the  wholo  length  of  one  ude  of  wbst 
would  otherwise  be  an  ortholropous  ovule.* 

568.  What  are  called  aaqthitr^mu  or  keUntnpota  ondes, 
which  are  straight,  with  the  chalaza  at  one  end,  the  micropyle  or 
apex  at  the  other,  and  the  hilum  half  way  between  the  two  (>a  ia 
Fig.  413),  arise  from  the  adheuonof  tbe  funiculus  for  a  short  di» 
tance  only,  forming  a  rhaphe  of  only  half  the  length  of  the  ovule. 
As  the  free  funiculus  in  such  cases  generally  diverges  at  right  an- 
gles from  the  axis  of  the  ovule,  so  that  its  proper  base  and  apei 
become  lateral,  these  ovules  or  seeds  are  sometimes  termed  peitaU, 
or  transverte. 

569.  Campylotropotu  ovules  {Fig.  416)  differ  from  the  ortho- 
tropous  in  being  curved  during  their  development,  so  that  tbe  ori* 
fice  or  apex  is  brought  into  juxtaposition  with  the  base ;  which  io 
this  case  is  both  hilum  and  chalaza.  ' 

570.  It  ia  important  to  notice  the  situation  of  the  orifice,  or  bm* 
men,  of  the  ovule,  as  it  indicates  the  future  position  6l  the  radicis 
of  the  embryo  (631),  which  is  invariably  directed  towards  tbe  fo- 
ramen. Its  situation  with  respect  to  the  hilum  variee  in  the  difie^ 
flnt  kinds  of  seeds :  in  those  which  arise  from  orthotropous  ovules, 
it  points  in  the  directioo  exactly  opposite  the  hilum  (Fig.  463) ;  ia 
the  anatropous  form,  it  is  brou^t  close  to  the  hilum,  so  that  h  ii 
ordinarily  said  to  point  to  it  (Fig.  454-466) ;  in  campylotropous 
seeds,  it  is  also  brought  round  to  the  hilum ;  while  in  the  amphitn> 
pons,  it  points  in  a  direction  nearly  at  a  right  angle  widi  the  hilum. 


*  Thus,  in  most  CiiUccN,  the  ovalei  are  oithotropoiu,  bot  in  oiib  mull  gem 
(Fanmna)  the  faDicnloi  niiiall;  adheres  to  the  lide  of  Ibe  oTole,  and  renden  it 
aiiBCropoQS.  On  Che  contrary,  lomeliDiea  anatiopoiu  oTale*  become  onhotn- 
pooi  in  ihe  Med,  bj  lbs  lepsnuioD  of  Ihe  riiapbe  from  ia  &u. 
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Sect.  EL    Fbstilization  and  Fobhatiom  of  trb  Ehbbyo. 

ff7I.  Thb  action  of  the  pollen,  by  means  of  which  the  ovule  m 
feitUized,  is  now  ntiafactoriiy  linowD.  The  (mints  still  contro* 
mted  mostly  relate  to  the  first  step  in  the  formation  of  the 
embryo. 

572.  The  amngement  and  adjustmeot  of  parts,  mechanical  and 
otherwise,  which  secure  the  application  of  the  pollen  to  the  stig- 
ma, ore  so  extremely  direisified  in  different  plants,  that  we  can- 
sot  undertake  to  give  even  a  general  account  of  them  here.  The 
adaptation  is  sometimes  in  the  relative  length  of  the  floral  oj^ans  in 
c(«t>ection  with  the  position  of  the  flower,  whether  erect,  bclined, 
or  nodding ;  sometimes  juxtaposition  is  eSected  through  transient 
fad  often  sudden  movements,  whether  mechanical  {hy  elasticity) 
at  ^ntaneous,  which  will  be  mentioiwd  in  another  place.  Fre- 
quently  the  anthers  open  and  the  pollen  is  applied  to  the  stigma 
while  the  parts  are  still  approximated  ia  the  bud.  In  monixcious 
[dants  the  staminate  blossoms  are  commonly  situated  adjacent  to 
the  pistillate,  or  else  raised  above  them,  as  in  Indian  Goto.  In  dice- 
cious  plants,  as  indeed  in  a  vast  Dumber  of  others,  much  is  led  to 
the  action  of  the  winds,  or  of  insects,  which  convey  the  pollen  from 
ooe  blossom  to  another ;  and  the  immense  abundance  of  pollen, 
especially  in  moncecious  and  di(Bcious  plants,  greatly  diminishes  the 
diooce  of  failure.  The  loose  papillffi,  or  short  projecting  haira  of 
the  stigma,  and  especially  the  viscous  fluid  which  at  this  time  al- 
vsys  moistens  its  surface,  serve  to  retain  the  grains  of  pollen  on 
the  stigma  when  they  have  once  reached  it  The  following  brief 
statement  comprises  the  essential  substance  of  what  is  known  re- 
specting the  immediate 

673.  Acto  of  tbe  Pallei.  The  grain  of  pollen  becomes  turgid 
'  ss  it  absorbs  by  endosmosls  (37)  the  viscous  moisture  of  tbe  stig< 
Bu :  its  inner  membrane  consequentiy  extends,  breaks  through  the 
scarcely  extensible  outer  coat  at  some  one  point  (or  occasiooally 
Bi  two  or  three  points.  Fig.  419),  and  lengthens  into  a  delicate 
tube,  filled  with  the  liquid  and  molecular  matter  (fovillee,  535)  that 
tbe  grain  contains.  This  tube  (Fig.  416-419),  remaining  closed 
at  the  extremity,  penetrates  the  loose  tissue  of  the  stigma,  and  is 
prolooged  downwards  into  the  style,  gliding  along  the  inter- 
Bpfices  between  the  very  looeely  disposed  cells  of  the  now  moist 
conducting  tissue  (541),  which  extends  from  the  stigma  to  the 
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cavity  of  the  oraiy,  atid  al  length  nachiug  the  placenta  or  aoow 
other  part  of  the  interior  of  the  tmrj. 
This  prolongatioQ  into  a  tube,  ofWn  inui; 
hundred  timei  the  diameter  of  the  poUeo' 
grain,  is  a  true  growth,  after  the  maimei 
of  elongating  cells  (35,  97),  nooriifaed 
by  the  oi^nizable  moisture  of  the  style 
which  it  imbibes  in  ka  course.  Nov  dn 
orifice  of  the  ovules,  at  a  pro^ectloa  of 
the  nucleus  beyond  the  orifice,  is  at  this 
time  brought  into  contact  with,  or  pnn- 
^„  imtty  to,  that  portion  of  the  walls  o(  the 

orary  from  which  the  pollen-tabes  emerge ; 
and  a  pollen-lube  thus  reaches  the  nucleus,  in  which  the  nasceot 
embryo  subsequently  appears.  In  the  Gymnoapennous  plants 
(Conifem  and  Cycadaceie,  560),  the  pollen-tubee  grow  on  and  im- 
mediately penetrate  the  nucleus  of  the  ovule,  jmt  as  tbey  do  tha 
stigma  in  ordinary  plants. 

574.  The  pollen-tubes  may  be  readily  inspected  onder  the  n» 
croacope  in  many  plants ;  in  none  more  readily  than  in  the  Aaele- 
pias,  or  Milkweed,  one  of  the  plants  in  which  this  subject  was  so 
admirably  investigated  by  Mr.  Brown.  In  that  family,  the  polten- 
graiiis  of  each  cell  of  the  anther  (Fig-  420)  cohere  in  a  maaa ;  and 
these  pollen  •masses,  dislodged  from  their  cells  (Fig.  421, 432),  usa- 
ally  by  the  agency  of  insects,  and  brought  into  proximity  with  the 
base  of  the  stigma,  protrude  their  tubes  in  great  abundance,  and 
of  a  size  which  rendera  them  risible  with  a  very  moderate  magni- 
fying power.  They  may  readily  be  seen  to  penetrate  the  baae  of 
the  stigma,  as  in  Fig,  423,  end  separate  grains  with  their  tubsa 
may  be  detached  from  the  mass  (Fig.  425, 426) ;  but  to  traca  their 
course  down  the  style  (as  in  Fig.  424),  and  to  their  final  deatina- ' 
tion,  requires  much  tact  in  manipulation  and  the  best  meam  of  re- 
search. The  formation  of  the  pollen-tube  commences  in  some 
cases  almost  immediately  upon  the  application  of  the  pollen  to  the 
stigma ;  in  many  plants  it  is  not  perceptible  until  after  the  lapse  of 
ten  to  twenty,  or  even  thirty-Bii  hours.    The  rate  of  the  grow^ 

FIG.  IIS.  ApoUm-inla  of  I>*lDn  SjUDaalnm,  imLiilDt  lU  taba.  417.  pDllan-gnla  oTl 
CinnlTuliu,  wivh  lu  luIm.  41S.  Other poUeagnlu,  with  thnlf  lub«, loH nmnglf  mfaiOii. 
119.  A  poUn^nln  oT  thg  ErHing  ?f\Binm,  nMlnf  on  i  portlan  oT  ^ig  lUiBi^  Imo  whkk 
tba  tulM  tiidUMl  fma  oh  of  i1h  id^  paoMnlst ;  Ihs  opporiM  ui|l«  •In  (mlulaf  k  pnllM' 
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at  Ae  pollen-tube  down  the  ttyle  ta  alao  verjr  various  in  diffireat 
pknte.     In    eocBe  m  m  mm 

•peciea,  s  week 
or  more  ekpaee 
faaibre  they  have 
paseed  through  a 
etjle  eren  of  a  few 
Unea  in  length.  In 
otbera,  a  few  hours 
suffice  for  tbeir 
pesiaga  through 
even   the  l(»gest 

atjlfla,     such      as  >fV     1*^ 

Ihooe  of  Colchi. 
cum   KoA   Cactus 

graDdifloTus.  Afier  die  pdlen-tubes  have  penetrated  the  itigma,  the 
latter  dries  up,  and  its  tissue  begins  to  wither  or  die  awajr,  as  like- 
wise does  the  body  of  the  pollen-grain,  its  oootents  being  trsoi- 
(erred  to  the  pollen-tube,  the  lower  part  of  which  is  still  in  a  pow- 
ing  conditioQ. 

575.  hnHliSB  of  Ibe  Smbrre.  Before  the  pollen-tube  reecbae 
the  OTuie,  the  nucleus  of  the  latter  exhibits  a  cavity  in  its  interior, 
lownrde  the  apex.  In  the  Hisdeioe,  this  canty  is  said  to  be  a 
mere  hollowing  out,  produced  by  absorption,  and  having  no  evident 
lining  membrane.  Usually,  however,  it  results  from  the  specM 
growth  of  a  particular  cell,  which  expands  into  a  bladder  or  closed 
SBC  of  considerable  uze  lining  the  cavity,  sometimes  remaining 
incloeed  in  the  tissue  of  the  nucleus  towards  its  suounil  or  ori- 
fice, sometimes  displacing  the  upper  part  of  the  nucleus  entirely, 
or  even  projecting  through  the  micropyle.  This  is  the  toe  oftht 
amnot  of  Mr.  Brown,  the  emhrjfo-tac  {$ac  emiryonaire)  of  the 
French  botanists.*    In  this  sac  the  embryo  is  formed. 

*  "  Tin  omie  ii  prodac«d  hj  the  derelopmcDt  of  one  cell  of  the  plse«nta 

nO.VO.    At«kTkwcif*Mi»BortbgcaiBDioaHUI(iiiHd(i«U|iiu),ibatppHiikc*c« 

■wi^.    4Sl.  i. lUiDaa men  aafa\tti,  otlh Um Im  [  II i  ii  wbeitpt  hj  [bait eaudlilt*, 

mch  U  k  (lud  frniD  iba  niiiiinlvo(LlH  n.l|iiiiiilc  Ivdj,  to  which  •  poUen-ma  from  u  uljt- 
cnl  *aUMi  !■  aJnadf  uHunnL  1S2.  A  pair  of  deucbtd  pollan-muna  Inch  from  ■  dilRnnt 
•Hilar)  (wptnded  b^  Itailt  cauilldiia  tmni  ibo  g]>nd.  123.  Sikbd  oriht  pQlleq-mmw,  vltti 
(bdt  abH  panauulnc  tbs  nl(m  <aft>r  BtDm).  4M.  A  HcUofl  ibnw|k  i)i>  lutg  iilgmlk 
b*df  ud  ■  pan  sT  tbi  mninili  of  ona  of  ths  (ijriaa,  iboiHai  Uh  eouna  of  Om  pdlan-Wbaak 
4S,  «U,  PaUao-imlna  wlLh  Uiait  ubv,  hlgblr  oi^iiiaid.     [Tha  lUiKtiua  tf  iteaa  alofolar 
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676.  From  LiniUBUi  4ownwaH>,  nnlil  norady,  it  was  oaiTM- 
nlly  auppoMd  that  the  embryo  origimUed  in  tha  omle,  which  wu 
ID  Bome  way  or  other  fertilized  by  the  p<dlen.  Since  the  ducoreiy 
of  die  pollen-tufie  in  1824  by  Amici,  and  iti  actual  penetratioQ  to 
the  nucleus  of  the  ovule  by  Mr.  Brown,  howeyer,  the  late  Profewor 
Horksl  and  bis  nephew,  Scbleiden,^  who  traced  it  quite  to  the 
•mbryo^ac,  —  have  propounded  a  Tery  different  view.  Schleidra 
and  bit  followers  strongly  maiotain,  as  the  result  of  direct  obeeira- 
tioo,  that  the  apez  of  the  polien-tube  itself  becomes  the  emfaiyo; 
that  on  reaching  the  embryo-aac  it  indents  the  latter,  pacing  it 
forwards  so  as  to  reverse  a  portion  on  itself,  in  which  cavity  the 
apez  of  the  pollen-tube  swelb  into  on  oval  or  gtobular  form,  and  its 
contents  are  transformed  into  new  cells,  which,  as  diey  grow  sad 
multiply,  shape  themselves  into  the  embiyo.  Or,  according  to  other 
observations,  it  is  maintained  that  the  apez  of  the  pollea-tube  pierces 
the  embryo-sac  and  developes  into  the  embryo  in  its  interior,  in 
the  raaoner  lost  stated.  It  is  now  unneceanaiy  to  addtice  the  de- 
tails of  the  researches,  or  the  theoretical  consideradoos,  by  wbid 
this  hypothesis  was  supported.  For,  besides  the  researches  of  Wf 
bel,  in  1S39,  the  investigations  made,  between  the  year  1846  end 
-die  present  time,  by  Amici,  H^l,  K.  M&ller,  Unger  (who  had 
naiotained  the  hyp<Mhesis  in  question),  Hoffmetster,  Henfrey,  and 
Tulasne,  have  completely  overthrown  the  fouadatiaiis  on  whid 
it  rested ;  by  proving,  —  let.  lliBt  the  embryotuU  vested,  fram 
which  the  embryo  is  developed,  ezists  in  the  embryo-sac,  in  some 
cases  at  least,  before  the  pollen-tube  has  reached  the  ovule;  so 
tiiat  it  cannot  owe  its  origin  to  the  pollen-tube,  directly  or  indirec^ 
ly,  and  still  less  can  it  be  a  prolongati(»i  of  iL  2d.  That  the  end 
of  the  pollen-tube  is,  in  many  cases,  applied  to  the  ezterior  of  the 
embryo-sac  at  a  point  distinguishably,  and  often  considerably,  dis- 
tant from  that  where  the  embryo  is  developed  within.* 


Into  s  cdlulsr  bodr,  which  eswntiallj  coD^tt*  of  a  mitnl  nnr  of  celbj  iD- 
ehned  bj  k  Tsrisble  nnmber  of  Isfcn  of  cell*.  One  of  (he  «elb  of  th«  ceBinl 
■aw  enlarfM  and  difplscM  s  Tsrying  qiuuidt)'  of  the  tmt  of  the  tiwae  of  A* 
srale.  Thii  ft  the  wrfry  »nc."  Hoffkdrisr,  «•  rcndmd  \>j  Hcnfie;,  BtL 
GtueOs,  1,  p.  IS7. 

*  ThB  iMeet  neinoir  on  thli  rabject,  thst  of  TdImim  (In  Amu.  So.  Ab.  ht 
JbIj  BDd  Aognit,  1M9),  li  remsrkable  not  onlj  for  lU  thoronghneM  ud  i" 
sdmlnbU  iUiuinuiooi,  but  becsoM  the  snlhor  heie  poinu  oat  «nd  tomeu 
dM  error  into  wtiich  be  lisd  fbrnuil;  Ulen,  irtiich  led  Uia  to  conclnda  ihtl 
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G77.  The  gfloenl  nmlti  «4ueli  all  thow  neent  mrMtigstiaoi 
eooapire  to  establMi  are  these:  —  The  polien'tube,  mtering  the 
mttcA  of  Ibe  ovule,  comas  directly  in  contact  with  the  apex  of  the 
embiyo-OTC,  penelnttiiig  the  layer  of  cells,  if  there  be  any,  wbitA 
eorera  it  Sometimea  ita  extremity  iligbtiy  indents  it;  often  it 
^ides  downwards  along  the  surface  of  the  sac  for  a  little  distance ; 
in  either  case  it  barely  adheres  to  the  membrane,  makes  no  further 
growth,  and  after  a  time  begins  to  wither  away.  Just  before  the 
poUen-tube  reaches  the  embryo-sac,  a  portion  of  the  protoplasm 
which  the  latter  contains  is  attracted  into  its  upper  end,  next  the 
inicTopyle.  In  this  protoplasm  nuclei  i4>pear,  usually  to  the  nutn- 
faer  of  three,  but  sometimea  only  one,  and  develope  into  as  many 
cells.  These  are  the  germinal  vtiieUt,  or  etHhrgonal  vetieUt,  one 
of  which  gives  rise  to  the  embryo.  The  further  development  of 
the  germinal  vesicle  begins  shortly  oAer  the  meetiug  of  the  pol* 
len>nibe  with  the  embryo-sac.  The  material  effect  of  the  fbrmer 
open  the  germinal  vesicle  is  aupposed  to  take  place  by  the  tran- 
■odatioQ  or  endoamotic  transference  of  part  of  its  fluid  contents 
through  the  membranes  of  each,  and  of  the  embryo-sac  between 
tbem,  into  the  germitial  vesicle,  which  is  thus  fertilized ;  the  vi- 
tally active  contents  of  two  cells  of  difierent  origin  being  thus  com* 
minted,  as  in  the  simpler  process  of  c«ajugadon  in  the  lower 
Ciyptogamoua  plants  (102).  Thus  endued  with  new  force,  the 
embiy(»>al  vemcle,  which  now  adheres  to  the  apex  of  the  embryo- 
Mc,  commences  on  active  develc^ment ;  it  elongotea  downwards, 
or  from  its  free  extremity;  minute  granular  matter  f4>pear8  in 
the  interior,  which  was  before  perfectly  clear  and  transparent; 
soon  a  few  transverse  partitions  are  seen,  and  it  is  thus  converted 
into  a  chain  of  cells,  each  of  which  contaJiu  a  distinct  nucleus. 
This  body,  which  may  attain  considerable  elongation,  by  the  con- 


Ibe  and  of  the  paUen-tube  sctiull;  penetrUoi  tha  embrjro-uc,  uid  gire*  Hm 
to  Uw  embrjoiul  vsaide.  —  Hoffmciiter  Buertt  (u  Tendered  bj  EenlVejr), 
dut  Bltfaoiigfa  the  pollen-tabe  genenillf  nets  npon  the  oateide  ot  tbt  enbryo- 
Mc,  jM  ia  s  very  few  iiolited  easea  it  perforatei  it;  bat  "eTeu  when  the 
p)Ueo.nbe  thui  penetnitea  into  the  iniedor  of  the  embrTO-MC,  its  end  remein* 
poftctlj  doeed,  sad  the  membniM  of  the  germinel  veaicle  qolte  tminjnred ;  in 
DO  cut  cm  ■  direct  puuge  of  the  contenta  of  oee  into  the  oiber  take  place. 
The  inpn^iTUUion  is  the  result  aolelj  of  an  eiidosniotic  exchange  of  the  fluid 
cententi.''  H«nlTB7,  But  GoMtiB,  L  c 
87* 
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tinoed  elragating  growth  and  diTinoa  of  the  torminal  cell  (33-34), 
bscoroes  the  StupenMor.  The  loweM  of  its  cells  enlarges,  and, 
through  cell-formBtion  by  division,  is  converted  into  a  cellular 
body :  this  is  the  nosceat  Embrgo  (Pig.  430).    Am  it  grows  it  aoon 


begins  to  aseurae  its  proper  form.  In  a  Dicotyledonous  plant,  as  is 
rudely  shown  in  the  accompanying  6gures,  the  end  forthest  from  the 
guspensor  begins  to  be  two-lobed  (Fig.  432) ;  the  lobes  increaae  by 
ordinary  cellular  growth,  and  form  the  CotyltdoM  (Pig.  483, 434) ; 
the  opposite  extremity  is  of  course  the  Radicle.  The  suspeosor 
usually  disappears  before  the  embryo  boa  attained  its  full  develop- 
ment  A  monocotyledonous  embryo  has  this  end  undivided.  In 
the  polycotyledonous  embryo  of  Pines,  &c.,  the  budding  apex  di- 
vides successively  as  it  grows  into  four,  six,  or  more  lobes,  each  of 
which  becomes  a  cotyledon.* 

"  The  principal  ptAnta  of  diicordance  in  the  later  inveitigatioiu  an  M* 
Me(«d  wiih  the  embryonal  veilde.  Aceotding  to  Mohl,  Henfrej,  ftc,  ia 
Orchii  Horio  m  many  ■«  three  germinal  reticle*  eiitt  wilhin  tbt  apex  of  At 
embiyo^ac,  anterior  to  ferliliaition,  aa  minote  free  eelli,  formed  ft«m  m  ouay 
nncUi  i  one  (or  wmetimei  more  diao  oce)  of  them  enlarges  aoon  after  die  pat 

no.  Vsr.  ntaattTttVUMtetUtKiot  aiitUMattF<>tjpmmi,iBiatibt  ma  otl)MI» 
poiHOTabliconlaliu,  oUupgrMorbnllinthn:  iba  gnliw of  pulton  nNln« <m  lb«  «!(■■ 
teTaM«UH(rliilwi)>>wntb*Mr>'t*>tlMinouihi>fUHonilg:  ud  ib*  i»caai  •nbrjii'M  k 
nan  u  Oia  ipu  of  Cba  nscUu.  43S.  A  poUn-inla  (Uuchad,  with  lu  inb*.  in.  Plu  al  ttai 
McUul MUioDoT  tin OTuls more mMnlBMl, »nd us laME psriod :  iht  dmbmih anitfo  irilh l« 
■een  lq  Iha  Ambr/osac    430-  The  naauiit  vmlvjD  i 

HDbrro.    431.  TW  HBlnjoii!! 


,y  Google 


rOIIUTION  at  TBI  BMBBTO.  810 

ST8.  Throagh  the  fertilization  of  as  manjr  germinal  vesiclei, 
1*0  or  more  embryos  are  frequently  found  in  the  same  seed,  in 
tke  Orange,  the  ODton,  and  many  other  cases.  There  are  geoer- 
ally  two  embryos  in  the  seed  of  the  Mistletoe ;  and  there  is  con* 
Maotly  a  plurality  of  embryos  in  Pioes  and  other  Gymaospe1^ 
mous  plants  (560),  though  all  but  one  are  moie  commonly  abortive 
or  nidimenlary.* 

579.  Contemporaneous  with  the  production  of  the  embryo,  a 
cell  ■formation  takes  place  in  the  protc^lasm  contained  in  the  em- 
bryo-sac, soon  filling  the  space  with  an  exceedingly  soft  and  delt> 
ctie  parenchyma,  proceeding  from  the  wall  of  the  sac  inwards. 
Sometimes  the  enlarging  embryo,  as  it  grows,  obliieiates  this  deli- 
cate, balf-ttuid  lisaue,  is  nourished  by  its  contents,  and  at  maturity   ' 

tra-tiibci  hu  reachftd  tha  embiTo-uc,  and  derelopai  in  llis  nuinBr  aboTo  ds- 
Mribed.  According  to  Hoftnciiler,  tlao,  in  CEnotheim'  two  or  thrqe  germinal 
TMidM  appear  » long  time  before  ftrtiliuiioii,  from  free  eell-DacIei,  forming  to 
manj  delicate,  free  cella,  one  of  which  being  bitiliied  derelopa  inio  the 
embrjo  in  the  manner  alreadj  deaciibed,  while  the  othen  periali.  The  remlti 
</  the  more  recent  researchei  of  Tnlaine  (apon  the  embi^ogeny  of  Scniphn- 
luiiceM,  CampannUeea,  end  CrociTera)  principally  differ  in  ihiij  —  that  be  ' 
WM  EnabU  to  detect  any  embiTonal  TCalcle  before  tbe  poUen-tnbe  had  pen^ 
beted  to  the  embrjo-Mc;  and  afienrardt  he  find*  only  one,  moeilj  of  an  elon-' 
gated  form,  and  alwaja  liom  (be  &m  attached  by  one  end  lo  tbe  ioude  of  the 
will  of  the  embryo-MC,  at  a  point  Dear  that  to  which  the  pollen-tube  ii  applied 
externally.  He  ii  led  to  conclude  tluK  the  embiyonal  reticle  originate*  at 
thi>  piuBt,  either  from  a  sort  of  "dMoublement"  of  the  membrane  of  the  em- 
bryo-eac,  or  frmn  a  nncleai  adherent  there;  and  he  inclines  lo  think  that  its 
Immatkia  doei  not  precede  tbe  coqjnnction  of  tlie  poUen-tnbe  with  the  em-  ' 
btjChuc,  bat  that  it  i»  the  Srat  vi«ible  resnlt  of  this  union.  And,  calling  to 
mind  that  Unger  met  with  free  cella  in, the  nnimpregnated  embryo-MC  of 
Hippaiii  TDtgorie,  formed  firom  free  and  floating  naclei,  bat  which  were  ■)- 
wayi  rewlved  beiiire  the  appearance  of  the  real  embiyonal  veeide,  he  mg- 
gMM  that  tbe  free  celli  leen  by  Hoffineiiter  may  be  of  tbe  lame  kind.  H. 
Tiliuig  ^fotibly  coneiden  that  the  embryo-**c  it  tbe  cell  which  receiret 
the  flnid  of  the  pollen,  and  that  in  ite  carity,  therefore,  the  conienta  of  two 
celli  IK  commiDgled ;  the  remit  of  which  nnion  girei  riie  lo  the  embryonal 
tincle,  or  potential  embryo,  endowed  from  the  dnt  with  tbe  new  Bpectflc 
fbcct  which  it  manifest!  in  ita  nlterior  dsTelopment.  We  can  only  refer  tbe 
ieqairer  to  thii  original  memoir ;  an  abairact  can  hardly  be  made  intelligibla 
U  ibe  nniDitmcted  reader,  without  the  platee. 

*  In  Conifera  (at  leaat  in  the  Pine*)  the  embryo  i>  not  dereloped  from  the 
fMbrjonal  tesicle  antil  long  after  the  cavity  of  the  embryo-sac  is  filled  with 
Ae  MUnlar  tissne  that  forms  the  albomen  of  the  aecd ;  and  ill  formation  i«  in 
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fills  dM  integuDiRBts  of  the  seed  completely.  In  odier  caan,  die 
growth  of  the  embryo  in  the  eeed  la  arrested  before  it  fills  the  em- 
biyo-sac :  then  lliw  new  tissue  that  surnHipda  it,  Bc4idified  by  inler- 
aal  deposHion,  or  with  its  cells  filled  with  starch,  dec.,  becoowa 
permanent,  snd  forms  the  alfrume*  of  the  seed  (637) ;  or  some- 
times  this  cellular  growth  and  deposit  of  nutridre  matter  take 
place  in  the  persistent  body  of  the  nucleus  of  the  ovule,  external 
to  the  embryo-sac,  as  in  Nymphroa. 

&80.  With  the  derelopment  of  the  embryo,  the  ovule  becomes 
Ae  aeed.    Its  further  history  should  follow  that  of  the  fraiL 


CHAPTER    X. 

OP   THE    FRUIT. 

SicT.  I.    Its  STStrcTORB,  Trahsfob/iatioks,  uid  Dbbiscbrcg. 

SSh  Tbx  fertilized  ovary  soon  begins  to  increase  in  aise,  and 
commonly  to  undergo  some  change  in  texture ;  either  becoming 
dry  and  membranaceous,  crustaceous,  or  even  woody,  or  else  by 
an  opposite  change  becoming  fleshy,  pulpy,  or  juicy :  it  is  noir 
called 

582.  The  rmricirp,  or  Seed'VetteL  The  pericvp  and  the  seeds  it 
incloses  together  constitute  the  Fruit;  a  term  which  hss  a  more 
extensive  signification  in  botanical  than  in  ordinary  language  ;  be- 
ing applied  to  all  mature  pistils,  of  whatever  form,  size,  or  teiture. 
The  fruit  likewise  comprises  whatever  organs  may  be  adnate  to 
the  pistils  (465).  Such  incorporated  parts,  like  the  Beriiy  calyx  of 
the  Apple  and  Quince  (Pig.  685,  688),  sometimes  make  up  the 
principal  bulk  of  the  fruit. 

583.  It  may  he  remarked  that  a  similar  accumulation  of  fleshy 
or  pulpy  matter  may  take  place  in  (idjacent  organs  wholly  uucoo- 
necled  with  the  pistil ;  as  in  the  free  calyx  of  the  9tmwberry  Blite 
(Fig.  993,995),  which  becomes  greatly  thickened.red,  and  juicy; 
and  in  the  Wintergreen  (Fig.  796-797),  where  the  calyx,  at  firat 
small  and  membranaceous,  and  entirely  free  from  the  ovary,  grad- 
ually enlarges  after  flowering,  and  is  transformed  into  a  red,  pulpy 
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iMrry,  surroundiag  the  true  fruit,  which  it  a  small  and  Arj  pod. 
Tbe  pulp  of  the  Btnwberry,  moreover,  is  do  part  of  the  proper 
fmit ;  but  consists  of  the  enlarged  and  juicy  receptacle,  or  apex  of 
the  flower-stalk,  beariDg  the  numeroua  small  and  drj  grains,  or 
tme  fruits,  upcm  its  surface.  The  bread-fruit  and  the  pine-apple 
■re  still  more  complex,  being  composed  of  a  whole  bead  or  spike 
ot  flowers,  with  their  bracts  and  common  receptacle  all  coaBolida^ 
ed  into  a  single  fleshy  mass.  Tbe  mulberry  is  a  multiple  fruit  of 
tbe  same  kind  (Pig.  344),  in  which  the  component  parts  maj 
readily  be  identified.  Tbe  structure  of  tbe  fig,  which  may  be 
likened  to  a  mulberry  or  a  bread-fruit  turned  inside  out,  has  already 
been  explained  (395,  Fig.  241-243). 

fi64.  Under  the  general  Dame  of  fruit,  therefore,  even  as  the 
word  ia  used  by  the  botanists,  things  of  very  different  structure  or 
of  di^rent  degrees  of  complexity  are  confounded.  These  need  to 
be  properiy  distinguished.  For  the  present,  we  will  consider  the 
fruit  ID  the  stricter  sense,  as  coDBiatiog  of  the  matured  pistil  alone, 
wtietber  simple  or  compound,  either  free  or  in  combination  with 
any  floral  organs,  such  especially  as  the  tube  of  the  calyx,  which, 
being  adnate  to  the  ovary  in  the  fiower,  is  necessarily  incorpomted 
with  the  pericarp  in  fnicbiicalion. 

585.  Tbe  pericarp,  being  merely  the  matured  pistil,  should  ac- 
cord in  structure  with  the  latter,  and  contain  no  organs  or  paria 
that  do  not  exist  in  the  fertilized  ovary.  Some  alterations,  how* 
ever,  often  take  place  during  the  growth  of  the  fruit,  in  conse- 
quence  of  the  abortion  or  oblitemtian  of  parts.  Thus,  the  ovary  of 
the  Oak  (Pig.  1044)  consists  of  three  cells,  with  a  pair  of  ovules  in 
each ;  but  the  acorn,  or  ripened  fruit,  presents  a  single  cell,  filled 
with  a  solitary  seed*.  In  this  case,  only  one  ovule  is  matured,  and 
two  cells  and  five  ovules  are  suppressed.  Tbe  ovary  of  the  Horse- 
dwstnut  and  Buckeye  is  similar  in  structure  (Fig.  659-661),  and 
seldom  ripens  more  than  one  or  two  seeds :  but  the  abortive  seeds 
and  cells  may  be  detected  in  the  ripe  fruiL  The  ovary  of  the 
Birch  (Fig.  1053)  is  two-celled,  with  a  single  ovule  in  each  cell: 
the  fruit  is  Mie-celled,  with  a  solitary  seed ;  one  of  the  ovules  or 
young  seeds  being  uniformly  abortive,  while  the  other  in  enlarging 
puabea  the  dissepiment  to  one  «de,  so  as  gradually  to  close  the 
empty  cell  (as  in  Fig.  1056).  The  Elm  presents  a  similar  case 
(Pig.  1013, 1014) ;  and  such  instances  of  suppreseimi  in  tbe  fruit 
of  pads  actually  extant  in  the  ovary  are  not  uncommon. 
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566.  On  dte  ollMr  hud,  the  fruit  KHnetinMi  ezhilutB  more  e^ 
than  the  pistil ;  u  in  the  two-celled  onxy  of  Datun  Stnmooium, 
whicb  Boon  beoonwi  apuriourif  four-celled  hy  the  prc^ectkHi  of  die 
pUceotte  on  one  aide,  so  aa  to  r«acb  and  cohere  with  a  projectioB 
of  the  dorsal  suture  on  each  side.  So,  alio,  many  legumes  are 
divided  transverMly  into  seTeral  cells,  although  the  o*ary  was  odb- 
oelted  with  a  continuous  cavity  in  the  flower. 

587.  lijMlilg.  The  growing  fruit  atUacta  its  food  from  bdi> 
TDUoding  parts  in  the  saote  maoiier  as  leaves.  When  the  pericarp 
preserves  its  green  color  and  Uaf-like  texture  (as  in  the  Pea,  dtc), 
it  is  furnished  with  stomates,  and  acts  upon  the  air  like  ordinsij 
leaves.  Those  which  become  fleshy  or  juicy  acquire  that  condi- 
lion  by  the  accumulatioa  of  elaborated  sap  in  their  tissue ;  where 
it  undergoes  Tuious  tranaformations,  analogous  to  dtose  which  ttke 
place  in  other  parts  of  the  plant 

588.  Moat  pulpy  fruits  are  tasteless  or  riighdy  Utter  during  their 
•ariy  growth ;  at  which  period  their  structure  and  chemicat  com* 
position  are  similar  to  that  of  leaves,  consistiog  of  cellular  with  KMne 
woody  tissue ;  and  their  action  upon  the  atmcMpbere  la  likewise  the 
aame  (946).  In  their  second  stage,  they  become  sour,  from  tba 
production  of  acids  (353) ;  such  as  tartaric  acid  in  the  grape ;  die 
citric  in  die  lemon,  orange,  and  the  cranberry ;  the  malic  in  d>e 
apple,  gooseberry,  &c.  At  this  period  they  exhale  very  little  ox- 
ygen, or  even  absorb  that  substance  from  the  surrounding  air. 
The  acid  increases  until  the  fruit  begins  to  ripen,  when  it  giadu- 
^ly  diminishes,  and  sugar  is  formed.  In  the  third  stage,  or  that  of 
npening,  the  acids,  as  well  as  the  fibrous  and  cellular  tissues,  grad- 
ually diminish  as  the  quantity  of  sugar  increases;  the  latter, be- 
ing produced  partly  at  the  expense  of  the  former,  by  transforma- 
tions which  are  very  intelligible  to  the  chemist,  and  which  he  can 
partially  imitate.  A  chemical  change,  simihir  to  that  of  r^iening, 
takes  place  when  the  green  frails  are  cooked ;  the  acid  and  ths 
mucilagiaouB  or  other  products,  by  the  aid  of  heat  reacting  upon 
each  other,  are  both  converted  into  sugar.  Mingled  with  the  mc- 
obarine  matter,  a  large  quantity  of  vegetable  jellj/  (83)  is  also  pro- 
duced in  moat  acidulated  pulpy  fmita,  existing  in  the  form  of 
peetiiK  and  pectie  acid.  These  arise  from  the  reaction  of  ths 
vegetable  acids  during  ripening  upon  the  dextrine  and  other  assim- 
ilated neutral  products  accumulated  in  the  fruiL 

589.  Frequently  different  parts  of  the  thickness  of  the  pericaip 
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if  ohasgcfl  during  rnictifieatioo  and  ripening ;  tha 
inner  portion  hardening  while  the  exterior  beconoa  fleshy,  or  vie* 
vena.  When  the  walls  of  a  pericarp  ara  thua  distiaguisbed  into' 
two  separable  portkiDs,  the  exterior  receives  the  name  of  Epicabp, 
or  ExocAKP,  and  the  ioterior  that  of  EnnocARr.  When  the  exle- 
rior  part  is  fleshy  or  pulpy,  as  in  the  peach  (Fig.  447)  and  plum, 
it  ia  termed  the  Sabcocibp  ;  and  the  hard  shell  or  endoearp  which 
contains  the  seed  is  called  the  PtrriMBN. 

690.  Often  the  walls  of  the  pericarp  preserve  a  nearty  unifonn 
texture  throughout,  becombg  either  entirely  membranaceous,  as  in 
Kuiy  capsules  or  pods ;  or  fleshy,  as  in  the  berry ;  or  indurated 
ttroughoot,  as  in  die  acoriL 

591.  A  port,  and  in  membraoBceouB  or  other  dry  fruits  the 
whole,  fit  the  nutritive  matter  collected  in  the  pericarp  is  absorbed 
hf  the  placenta  (&43)  and  conveyed  to  the  seed ;  where  the  por^ 
lioo  which  is  not  consumed  in  its  growth  is  stored  up,  either  in  the 
embryo  or  around  it,  aa  a  provision  for  Us  future  development  ia 
gsnnioation. 

593.  Certain  fruits  remain  closed  and  entire  at  maturi^,  as  tha 
•corn,  apple,  grape,  &c. ;  when  they  are  said  to  be  indehiseaU. 
Others  separate  (wholly  or  partially)  into  several  pieces,  and  dis* 
charge  the  seeds ;  sometimes  buretiog  irregularly,  but  commonly 
opening  in  a  uniform  and  regidar  manner  for  each  ^tecies ;  these 
lie  sBid  to  be  dehiieetU. 

C$3.  BAJMOte,  when  regular  and  normal,  takes  place  in  a  ver- 
tical direction,  by  the  opening  of  one  or  both  sutures  (541),  or  ly 
the  diqiwction  of  confluent  parts  (546).  The  pieces  into  which  a 
dehiscent  pericarp  separates  are  called  its  valvet. 

SM.  A  simple  carpel  dehisces  either  by  the  opening  of  the  ven- 
tral suture,  as  in  the  Columbine,  die  Peraiy,  &c. ;  or  by  the  donal 
suture  also,  as  in  the  Pea  and  Bean. 

585.  The  dehiscence  of  a  pod  which  results  from  the  union  of 
two  or  more  carpels  may  take  place  by  the  separation  of  the  con- 
stituent carpels  from  each  other,  and  by  the  opening  of  the  veotial 
sata]rea,as  la  the  Colchicum  (Fig.  1115),  Rhododendron  (Fig.  793), 
and  in  the  diagnun  (Fig.  4S5).  In  this  case,  the  pericarp  spliu 
duough  the  dissepiawnts ;  whence  the  dehiscence  is  said  to  be  Mp- 
Hcidal.  Sometimes  the  carpels,  although  separating  from  each 
other  in  this  manner,  remain  closed  or  indehiscent,  as  in  the  Mad* 
der  (Fig.  478),  the  Vervain  (Bg.  669),  &c.:  die  separable  car< 
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pela  are  often  tennad  cocci ;  and  the  fruit  ii  nid  b 
trioeKoutt  &c.,  according  to  ibeir  number. 


696.  Otherwise,  the  dehiscence  may  take  place  by  die  Aeami 
suture  of  each  component  carpel  opening  directly  into  the  back  of 
the  cells,  when  the  pericarp  is  more  than  Mie-celled ;  whence  this 
dehiscence  is  said  to  be  loadieidal  (as  in  Pig.  621, 906,  919,  and 
the  diagram,  Fig.  436).  In  such  cases  the  di»epimento  remain 
attached  to  the  middle  of  each  valve.  In  the  Heliantbemum 
(Pig.  549),  and  many  other  plants,  we  have  an  example  of  locu- 
licidal  dehiscence  in  a  one-celled  pericarp  with  parietal  placenta ; 
which  in  this  case  are  borne  direcdy  on  the  middle  of  each  valve. 
On  the  other  hand,  septicidal  dehiscence  in  a  similar  pericarp  is 
at  once  recognizable  by  the  placentn  occupying  the  margins  ot 
the  valves. 

597.  Sometimes  the  placenta,  .being  firmly  coherent  with  each 
Other,  break  away  from  the  diasepimeDts  and  remain  united  in  tba 
axis,  farming  a  column,  or  columella,  as  in  Hhododendron  (Fig. 
793],  Polemonium,  and  CoUomia  (Fig.  906),  &c. 

698.  Occasionally  the  dissepiments  remain  coherent  with  the 
axis,  while  the  valves  separate  from  them,  as  in  the  Moroing-Glory 
(Fig.  924),  and  in  the  diagram.  Fig.  437.  This  modificatiui  is 
termed  leptifragal  dehiscence.  In  like  manner,  parietal  placeotn 
occasionally  separate  from  the  valves,  forming  what  has  been 
termed  a  r^lum ;  as  in  Cruciferous  plants,  and  in  the  Pc^py  Fam- 
ily. The  same  name  is  applied  to  the  persistent  border  <tf  the 
dmple  pod  of  Mimosa  (Pig.  441). 

699.  Instead  of  splitting  into  separate  pieces,  the  sutures  of  ibe 
pericarp  sometimes  open  for  a  short  distance  at  their  apex  only,  as 
in  some  Chickweeds,  and  in  Tobacco  (Fig.  986),  and  the  Primrose 
(Pig.  836)  1  or  by  mere  points  or  pores,  as  in  the  Poppy. 
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GOO.  Id  a  few  coses  the  opening  takes  place  by  a  troRsrerse 
line  passing  rouod  the  peiicarp  acroea  (be  sutures,  so  that  the  upper 
{art  foils  off  like  a  lid ;  as  in  Anagallis  (Fig.  830),  the  Plantain 
(Fig.  883),  the  Henbane  (Fig.  941),  and  the  Purslane  (Fig.  568). 
In  JeSeiscMiia,  the  opening  extends  only  half  round  the  pericarp, 
■nd  the  lid  remains  attached  by  the  other  side,  as  by  a  hinge. 
This  soomalous  dehiscence  is  termed  cireumciaiiie  or  tratuvene. 

Sbct.  II.    Thb  Kinds  of  Feuit. 

601.  Ths  various  kinds  of  fruits  have  been  minutely  classified 
and  named ;  but  the  terms  in  ordinary  use  are  not  very  numerous. 
A  rigorously  exact  and  particular  classification,  diBcriminsling  be- 
tween the  fruits  derived  from  simple  and  from  compound  pistils, 
or  between  those  with  and  without  an  adnate  calyx,  becomes  too 
Kcoodite  and  technical  for  ordinary  use  in  descriptive  botany. 
Tskmg  first  the  sihfle  fruits,  namely,  those  that  result  from 
nngle  and  separate  flowers,  the  principal  sorts  may  be  briefly  indi* 
caied  as  follows. 

&fi.  k  Felligle  is  a  fruit  formed  of  a  single  carpel,  dehiscing  by 
tke  ventral  suture  (541) ;  as  in  the  Larkspur  and  Columbine  (Fig. 
483],  and  the  Milkweed  (Fig.  460). 


foe 


603.  1  LcfDint,  or  Simple  Pod,  is  a  fruit  formed  of  a  single  car- 

VHI.  439.  Opnlegumofthg  Fa>:  a,Hctt(inaf  Ihaonrr-  43B.  Emlicja,  with dHrMou 
Ul  apn.  uo.  Lomant  of  DHmodiDm.  Ml.  Umeal  of  Hlon*:  b,  oat  of  lu  dahlBMl 
JDinu  olilcli  hu  fallen  amj  CiDin  thg  pgninlnj  border  or  fnino  (rrplum),  aaan  In  443. 
413  TIB  JDioud  iDdghtamil  lagum  or  Sopbon.  444.  A]s|niiiaorA<trv*lui,  culKiHanAr 
III*  Hmmii,  u  ihow  bnar  ll  bBconwi  pinly  or  entirdr  lira-ciillod  bj^  ihe  lulmBuloD  of  Ihs 
dnHlnMn,  449.  Slnilu  liair  of  i  leguma  o(  Ptuca,  Khen  thg  Tanlnl  lutura  ia  aDmeilhu 
laimdtad.  446,  A  la(iii»  "T  M«Uca(a  lupuUu,  apltallj  calM  Ibis  ■  glubulu  flgurt. 
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pel,  and  dehiiceiit  by  both  the  Tentral  aad  doraal  nitures,  so  as  to 
separate  into  two  valves;  as  in  the  Bean  and  Pea.  The  aame  is 
extended  to  the  fruit  of  all  Leguminous  plauts  (76S),  whatever  be 
their  form,  and  whether  dehiscent  or  not.  A  legume,  divided  into 
two  or  more  one-seeded  joints,  and  falling  to  pieces  at  maturity,  ia 
called  a  Lohbnt,  or  hmentaeeous  legume.  Some  of  the  varioua 
kinds  of  legume  are  shown  in  the  foregoing  figures. 

604.  1  Drain,  or  StOK-Fmit,  is  a  one-celled,  one  or  two  seeded 
simple  fruit  which  is  not  dehiscent,  with  the  inner  part  of  the  peri- 
carp (endocarp,  or  stone)  hard  or  bony,  while  the  outer  (exoearp,  or 
aarcocarp)  is  fleshy  or  pulpy.  It  ia  the  latter  which  in  our  fruits 
80  readily  takes  an  increased  development  in  cultivation.  The 
name  is  strictly  applicable  only  to  fruits  of  this  kind  produced  by 

the  ripening  of  a  single  car- 
pel ;  as  the  plum,  apricot, 
peach  (Fig.  447),  &c.;  but 
is  extended  in  a  general  way 
to  all  one-celled  and  one  or 
two  seeded  fruits  of  similar 
texture  resulting  from  a  com- 
pound ovary,  and  even  to 
"*  *"  those  of  several  bony  cells  in- 

closed in  pulp,  as  in  the  Dogwood  (Fig.  S40,  i).  The  latter,  how- 
ever, are  more  strictly  said  to  be  drvpaceoua,  or  drupe-like  fruits. 

605.  Au  iclltoilllll  is  a  small  and  dry  indehiscent  one-seeded 
pericarp,  formed  of  a  single  carpel ;  as  b  the  Buttercup,  and  the 
allied  genera  Anemone  and  Clematis,  where  they  are  otien  termi- 
nated by  the  persistent  and  oOen  plumose  style,  in  the  form  of  a 
long  tail.  In  the  Rose  (Fig.  684),  the  achenia  are  borne  on  the 
hollow  expansion  of  the  receptacle  which  lines  the  fleshy  tube  of 
the  calyx :  in  Calycanthus  the  achenia  (Fig.  693)  are  umilarly 
inclosed  in  a  sort  of  false  pod  (Fig.  69),  695)  of  the  same  nature 
as  the  roee-hip,  while  in  the  Strawberry  (Fig.  67S,  679)  they  are 
scattered  on  the  surface  of  the  enlarged  and  pulpy  receptacle ; 
where,  as  in  many  other  cases,  they  are  commonly  mistaken  for 
seeds.  But  they  are  all  furnished  with  styles,  which  show  their 
nature ;  and  on  cutting  them  across,  we  observe  the  real  seed  looae 


FIG.  «r.    Vsnlr 

:tl  HCIInn  Df  >  [MCU.    «S.  An  .Immd ;  wh. 

n  ih*  nocup,  ibe  ponkm  of 
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in  tiie  cell.  Thew  seed-like  fruits  were  iDcomclly  called  naked 
seeds  by  the  earlier  botanists.  The  Strawberry,  raspberry,  &c., 
therefore,  taken  as  a  whole,  are  not  simple,  but  aggregate  fruiU. 
In  the  Baapbeny  and  Blackberry  (Pig.  680),  the  achenia  are 
changed  into  little  drupes  (604).  The  name  of  achenia  is  also 
applied  to  similar  one-seeded  fruits  resulting  from  a  one-celled 
oraiy,  even  when  formed  of  more  than  one  carpel,  and  invested 
by  the  calyx-tube  ;  as  that  of  the  Sunflower  and  all  Composite  or 
Syngeoesioua  plants,  where  the  limb  of  the  calyx,  assuming  a  va- 
riety of  unusual  forms,  is  termed  the  Pappiu  (Pig.  776). 

606.  A  CRmonill  consists  of  a  pair  of  achenia  placed  face  to 
&ce,  and  invested  by  the  calyx-tube ;  which,  when  ripe,  sepa- 
rate fretn  each  other,  or  from  a  slender  central  axis,  called  the 
Carpophore;  as  in  all  Umbelliferous  plants  (Fig.  735-737),  to 
which,  indeed,  the  name  is  restricted.  Each  separate  carpet,  or 
Uf-fmit,  is  termed  a  Hshicibp,  or  Mebicarf,  and  its  inner  face 
the  Commiature. 

607.  1  ()ll7*piil  is  a  thin  and  membranaceous  pericarp,  like  an 
aebeniun),  but  adherent  to  the  surface  of  the  seed,  so  as  to  be  in- 
separable from  its  proper  covering.  The  grains  of  Wheat,  Maize, 
and  most  Grasses,  are  examples  (Fig.  463-465). 

606.  1  Ulritle  is  a  caryopsis  which  does  not  adhere-to  the  seed ; 
or  it  is  an  achenium  ot  other  one-celled  and  one-seeded  fruit,  with 
a  thin  and  membranous  loose  pericarp,  as  in  Chenopodium  and 
Amarantus. 

609.  A  Nit  is  a  hard  one-celled  and  one-seeded  indebisceni  fruit, 
like  an  achenium,  but  usually  produced  from  an  ovary  of  two  or 
more  cells  with  one  or  more  ovules  in  each,  all  but  a  single  ovule 
and  cell  having  disappeared  during  its  growth  (565) ;  as  in  the 
Hazel,  Beech,  Oak  (Pig.  1044),  Chestnut,  Cocoa-nut,  &c.  The 
nut  is  often  inclosed  or  surrounded  by  a  kind  of  involucre  (393), 
termed  a  CvpuU  ;  aa  the  cup  at  the  base  of  the  acorn,  or  the  burr 
of  the  chestnut. 

610.  i  Sunn  is  a  name  applied  to  a  nut,  or  achenium,  having  a 
winged  apex  or  margin;  as  in  the  Birch  and  Elm  (Fig- 1014). 
The  fruit  of  the  Maple  consists  of  two  united  samane  (Pig.  653). 

611.  A  BciTf  is  an  indehiacent  fruit  which  is  fleshy  or  pulpy 
throughout;  as  the  grape,  gooseberry  (Pig.  707),  and  persimmon 
(Fig.  816).  Tiie  orange,  sometimes  termed  a  Hespbbidiuh,  is 
merely  a  berry  with  a  leathery  rind. 
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615.  A  PmoBi  such  as  the  apple,  pear,  and  qubee  (Fig.  685- 
666),  is  a  fniit  compoaed  of  two  or  more  papery,  cartilaginous,  or 
boDy  carpels,  usually  more  or  less  involved  in  a  pulpy  expansion 
of  the  receptacle  or  disc,  and  the  whole  invested  by  the  thickened 
and  succulent  tube  of  the  calyx.  It  may  be  readily  understood  1^ 
comparing  a  rose-hip  with  a  haw,  a  quince,  or  an  apple. 

613.  A  Fepo  is  an  indehisceot  fleshy  or  internally  pulpy  fruit, 
composed  usually  of  three  carpels,  invested  by  the  calyx,  and  with 
a  firm  rind ;  as  the  cucumber,  melon,  and  gourd.  Its  proper 
structure,  which  has  been  variously  misconceived,  niay  readily  be 
gathered  from  a  cross-section  of  a  very  young  melon  or  gourd 
(Fig.  449).  The  three  laige  placente  project  from  the  axia  to  the 
panetes  of  the  cell,  where  their  two  constituent  parts,  more  or  lest 

separated  and  recurved,  bear  the 
ovules.  As  the  ovary  enlai^es,  (be 
ends  of  the  placentn  usually  cohere 
with  the  contiguous  walls,  and  the 
thin  dissepiments  are  at  the  same 
time  obliterated  ;  so  that  the  fruit 
presents  the  deceptive  appearance 
of  a  three-celled  (or,  by  oblileratioa 
of  the  axis,  a  one-celled)  pericarp, 
with  abnormal  panetal  placentn. 
Sometimes  the'placentse  are  parit' 
"•  *■  tal ;  in  that  case  they  are  revolute 

without  meeting  or  cohering  in  the  axis. 

614.  A  Capmle  is  a  general  term  for  all  dry  and  dehiscent  pods 
resulting  from  a  compound  ovary,  whether  opening  by  valves  (593, 
Fig.  621,  &.C.),  or  bursting  irregularly,  as  in  Lobelia,  or  shedding 
the  seeds  through  chinks  or  pores,  as  in  the  Poppy. 

616.  1  SfHqne  is  a  two-valved  capsule,  rendered  two-celled  by  a 
false  partition  stretched  between  the  parietal  placenta  (553),  from 
which  the  valves  separate ;  as  in  all  Cruciferous  plants  (Fig.  537), 
to  which  family  it  is  confined.  A  short  and  broad  silicjue  is  called 
a  SiLicLE ;  as  in  the  Shepherd's  Purse  or  Capsella  (Fig.  53S). 

616.  A  PfXidiBm,  or  PflU,  is  a  capsule  that  opens  transversely  by 
a  lid  or  cover,  as  already  explained  (600). 

617.  Anthacaipeui  FmlU  are  those  which,  in  addition  to  the  peri- 

no.  449,    SkiIod  of  Iba  anij  of  Iba  Gouid ;  aod  450,  ■  dlignin  of  ona  of  iU  cwaiual 
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csfp,  hhve  an  accessory  covering  derived  from  some  exterior  or- 
gan, which,  hovever,  does  not  cohere  with  the  ovary  in  the  fruit ; 
as  the  nut-like  fruit  of  Mirabilia,  the  hard  outer  envelope  of  which 
is  the  indurated  and  persistent  base  of  the  tube  of  the  calyx,  which 
was  perfectly  free  in  the  blossom.  And  the  berry-like  fruit  of 
Shepherdia  consists  of  a  fleshy  calyi-tube,  inclosing  a  free  nut-like 
pericarp.  Instances  of  this  kind  are  common  among  what  are 
called 

618.  HlMpIe  01  CoUeetlTl  Frolll ;  or  those  which  result  from  the 
aggregatioo  of  several  flowers  into  one  body  or  mass.  They  are, 
in  fact,  dense  forms  of  inflorescence,  with  the  fruits  or  floral  enve- 
lopes matted  together  or  coherent  with  each  other ;  as  in  the  pine- 
apple, the  mulberry  (Pig.  244),  &c.  The  grains  of  the  hitter  are 
not  the  ovaries  of  a  single  flower,  tike  those  of  the  blackberry 
(Fig.  680),  but  belong  to  as  Many  separate  flowers ;  and  the  pulp 
of  these  belongs  to  the  floral  envelopes  instead  of  the  pericarp  (583). 
The  fig  results  from  a  multitude  of  flowers  concealed  in  a  hollow 
flower-stalk,  if  it  may  be  so  called,  which  becomes  pulpy  and  edi- 
Ue  (Fig.  iMl-243).  Thus  the  ^f  seems  to  grow  directly  from 
the  branch  without  being  preceded  by  a  flower.  In  the  Partridge- 
berry  (Mitchella  repens),  and  in  several  species  of  Lonicera  (Fig. 
741 ),  the  ovaries  of  two  flowers  are  uniformly  united,  so  as  to  form 
■  double  berry ;  just  as  twin  apples  or  cherries  are  sometimes  ao- 
cidentally  produced. 

619.  A  Com,  or  Strobile,  is  a  collective  fruit  of  the  I^ne  apd  Cy- 
cas  Families  (Fig.  395,  403);  each  scale  representing  an  open 
carpel  (376),  bearing  one  or  more  naked  seeds. 

620.  The  cone  of  a  Magnolia  (Fig.  489)  is,  however,  entirely 
diflerent,  consisting  of  the  numerous  aggregated  carpels  of  a  single 
flower,  crowded  and  persistent  on  an  elongated  receptacle. 
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CHAPTER   XI. 

OF    THE    SEED. 

Sect.  I.    Its  Sthdctubb  and  Pabts. 

631.  Tbt  8«ed,  like  the  ovule  (561),  of  which  it  is  the  ferttlizMl 
aod  matured  state,  consists  of  a  Nucleus,  usually  inclosed  within 

two  iHTEeVMBNTS. 

622.  Itl  IltegameiU.  The  outer,  or  proper  seed-coat,  oorre- 
Bponding  to  the  exterior  coat  (563)  of  the  ovule,  is  variously  teriDed 
the  EpisrBSH,  Sfbbkddekh,  or  more  commonly  the  Testa  (Fig* 
451,  5).  It  varies  greatly  in  texture,  from  membranaceous  oi 
papery  to  crustaceous  or  bony  (as  -in  the  Papaw,  Nutmeg,  &c.), 
and  also  in  form  ;  being  sometimes  cloeely  applied  (confornied)  (0> 
the  nucleus,  and  ia  other  cases  loose  and  cellular  (as  in  PyioU, 
Pig.  610,  and  Sullivantia,  Pig.  725),  or  expeoded  into  wioga  (as  ia 
the  Catalpa  and  Bignonia),  which  reader  the  seeds  buoyant,  and 
facilitate  their  diapersioo  by  the  wind ;  whence  wiDged  seeds  ai« 
only  met  with  in  dehiscent  fruits.  For  the  same  purpose,  th* 
testa  is  sometimes  provided  with  a  tuft  of  hairs  at  one  end,  (ermed 
a  Coma ;  as  in  Epilobium,  Asclepias,  or  Milkweed  (Fig.  968), 
and  Apocynura  (Fig.  954).  la  the  Cotton-plant,  the  whole  test& 
is  covered  with  long  wool.  It  should  likewise  be  noticed,  that  tbe 
integument  of  numerous  small  seeds  (aod  also  seed-like  achenia^ 
is  furnished  with  a  coating  of  small  hairs  containing  spiral  threads 
(one  foroi  of  which  is  represented  in  Fig.  31),  and  usually  ap- 
pressed  and  confined  to  the  surface  by  a  film  of  mucilage.  When 
the  seed  is  moistened,  the  mucilage  Bo^ens,  and  these  hairs  shoot 
forth  in  every  direction.  They  are  often  ruptured,  and  tbe  ex- 
tremely attenuated  elastic  threads  they  contain  uncoil,  and  are  pro- 
truded in  the  greatest  abundance  to  a  very  considefable  lengtL 
This  minute  mechanism  subserves  an  obvious  purpose  in  fixing 
these  small  seeds  to  the  moist  soil  upon  which  they  lodge,  when 
dispersed  by  the  wind.  Under  the  microscope,  these  threads  may 
be  observed  on  the  seeds  of  most  Polemoniaceous  plants,  and  the 
achenia  of  Labiate  and  Composite  plants,  as,  for  example,  in  many 
species  of  Seoecio,  or  Groundsel. 

623.  The  inner  integument  of  the  seed,  called  the  TEaHBH  or 
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EN&OFLXvaA,  although  frequenily  very  obvious  (as  in  Fig.  451), 
IB  of\en  indistinguishable  from  its  being  co- 
herent  with  the  testa,  or  else  altt^ther 
waaling.  Nor  when  present  does  it  alwa)ra 
origioatfl  from  the  secundme  or  inner  coat 
of  the  ovule  (563).  In  the  Hypericum 
*"  *■         Family  (Fig.  454),  in  the  Pea  Family,  and 

probably  in  a  great  manjr  other  cases,  especially  where  it  is  tumid 
«T  fleshy,  or  where  it  adheres  firmly  to  the  albumen,  it  doubtless 
ooDsiata  of  the  ninainB  of  the  nucleus  of  the  ovule,  or  of  the  em- 
biyo-sac. 

634.  The  ilalk  of  the  seed,  as  in  the  ovule  from  which  it  origi- 
nated,  is  called  the  Fdniculvs  (Fig.  452).  The  scar  left  on  the 
bee  of  the  Beed  by  its  separation  from  the  funiculus  at  maturity  is 
termed  the  Hilux.  The  relation  of  the  hilum  to  the  ehalaza,  mt- 
eropi/te  (563),  and  other  parts  of  the  seed,  has  been  sufficiently 
radicated  when  ccKisideriog  the  structure  of  the  ovule.  The  ctia- 
laza  and  rhophe  (567),  when  present,  are  commonly  obvious  in  the 
mature  seed,  as  well  oa  in  the  ovule  (Fig.  455,  5).  The  terms. 
oTihoiropous,  mtairopoiu,  cta^yhlrapout,  &c.,  originally  applied 
to  the  ovules,  are  extended  to  the  seeds  which  result  from  them ; 
80  that  we  may  say.  Seeds  anatropous,  as  well  as  Ovules  anatro- 
pous,  &c. 

635.  Aril  {Arilhu).  Some  seeds  are  furnished  with  a  covering, 
nsually  incomplete  and  of  a  fleshy  texture,  wholly  exterior  to  their 
proper  integuments,  arising  from  an  expansion  of  the  apex  of  the 
ieed-Btalk,  or  funiculus,  or  of  the  placenta  itself  when  there 

is  DO  manifest  seed-stalk.  This  is  called  the  Abil.  It  \\ 
forms  the  pulpy  envelope  of  the  seed  of  Podophyllum,  Eu-  I  \ 
onymus,  and  Celastrus,  or  a  mere  lateral  scale  in  Tumera,  1|%I 
or  a  tough,  lacerated  body,  known  by  the  name  of  maet^  in  VtJ/ 
the  Nutmeg.  In  the  White  Water-Lily  it  is  a  thin,  cellular  xS* 
bag,  open  at  the  end  (Fig.  453).  It  does  not  appear  in  the  ••» 
OTule,  but  is  developed  subsequent  to  fertilization,  during  the 
growth  of  the  seed.  Of  the  same  nature  is  the  Cabdncle  which 
groift  from  the  hilum  in  Polygala,  forming  a  loose  lateral  append- 

FIG.  461.  Tartlud  mignlllad  «Mlian  of  the  {uulrapnn)  Had  of  Ihs  Anwrlun  LIndea :  o, 
UBhilain:  b,  tha  laU;  e,  llwujmnn;  d,  the  labuiDen;  t,  Ibe  embrjo.    4£1.  Venial  aectlm 

FIG.  4£3.    SHdsf  Njiiiplin  (While  Wiuc-LUj),  lain n 


,y  Google 


OXf  THE   SEED. 

■ge.  Stnclly  speaking,  it  is  ta  be  distioguished  from  the  Sno- 
raioLE,  the  Utter  being  a  cellular  growth  from  the  micropyle; 
but  the  tnro  are  not  well  discriminated.  A  nmilar  cellular  growth 
takes  place  on  the  rhaphe  of  the  Bloodroot,  of  the  Prickly  Poppy, 
aod  of  DJcentra,  formbg  a  conspicuous  crest  on  the  whole  side 
of  the  seed. 

626.  The  RacICQS,  or  kernel  of  the  seed,  consists  of  the  Albuxex, 
when  this  substance  is  present,  and  the  Ehbrto. 

627.  The  llbOiIKB  (Fig.  451,  d,  456,/)— also  Tariously  named 
^   ,  ,  the  Pbrispebm  or  the  Endosfekn  ^ 

which  forms  the  floury  part  of  the 
1  our  various  kinds  of  grain, 
consists  of  whatever  portion  of  the  tis- 
sue of  the  ovule  persists,  and  becomes 
loaded  with  nutritive  matter  accumu< 
lated  in  its  cells,  —  sometimes  in  the  form  of  starch-grains  prin- 
cipally, as  in  wheat  and  the  other  cereal  grains,  sometimes  as  a 
continuous,  often  dense,  incnisting  deposit,  as  in  the  cocoa-nut,  the 
date,  the  cotfee-grain,  Slc.  When  it  consists  chiefly  of  starch- 
grains,  and  may  readily  be  broken  down  into  a  powder,  it  is  said 
to  be  farinaceoia,  or  tMoly,  as  in  the  cereal  grains  generally,  in 
buckwheat,  &,c.  When  a  fixed  oil  is  largely  mixed  with  this,  it 
becomes  oily,  as  in  the  seed  of  the  Poppy,  &c. ;  when  more  com- 
pact, but  still  capable  of  being  readily  cut  with  a  knife,  it  is  fleshy, 
as  in  the  Barberry,  &c. ;  when  it  chiefly  consists  of  mucilage  or 
vegetable  jelly,  as  in  the  Moming-Glory  and  the  Mallow,  it  is  said 
to  be  imteilagiinnu ;  when  dense  and  tough,  so  as  to  ofier  consid- 
erable resistance  to  the  knife,  as  in  the  Coflee,  the  Blue  Cohosh 
(LeoDtice),  iu:.,  it  is  eomeoiu,  that  is,  of  the  texture  of  horn. 
Between  these  alt  gradations  occur.  Commonly  the  albumen  is 
a  uniform  deposit  But  in  the  nutmeg,  as  also  in  the  seeds  of 
the  Papaw  (Fig.  494)  and  of  all  plants  of  the  Custard  Apple 
Family,  it  presents  a  wrinkled  or  variegated  appearance,  owing  to 
numerous  transverse  divisions,  probably  caused  by  inflections  of 
the  innermost  integument  of  ihb  seed :  in  these  cases  the  albumen 
is  said  to  be  nminated. 

no.  *M.  Tanlul  HCUDa  oft  Mid  of  EloduVI[^nlca,ihawlns  tlu  tWDiMatoiHDUor 
tba  Had,  ind  Iha  eiDbrro. 

PIO.  IBS.  Stsi  of  Delphinium  trlconw  (uiumpogi),  tnUrgsd :  a,  iba  bllum ;  b,  the  rhipla ; 
c,  tto  chuluL  ««.  VinlcalHcitanaribeHnw:  c,  thscbi]u>i  d,  ilwMU;  ^Ibi  ucdhi; 
/,  Uw  lUiunHii ;  (,  ihg  mlDoU  mlijo  near  tiM  hlhuo,  a. 
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628.  As  already  intimated,  the  albumen  may  ori^nate  from 
new  tissue  formed  either  within  the  embryo-sac  (579),  which  is 
probably  the  more  common  case ;  or  in  (he  nucleus  of  the  ovule 
eiterior  to  the  embryo-sac,  which  is  certainly  the  case  in  the 
Water-Lily  and  ita  allies  (the  Water-shield,  &c.,  Pig.  518),  and  in 
SauniruB,  for  here  the  thickened  embryo-sac  peraists  within  or  U 
one  extremity  of  the  copious  albumen ;  or  both  kinds  may  cc^ 
exist  In  the  first-named  case,  if  any  of  the  proper  tissue  of  the 
DDcleus  remains,  it  is  condensed  and  forms  the  inner  integument 
of  the  seed,  or  becomee  confluent  with  it  (623). 

629.  The  office  to  which  the  albumen  in  subservient  is  the  nour- 
ishment of  the  embryo  when  it  begins  to  develop  into  a  plant  It 
is  a  store  of  nutritive  matter,  in  a  very  compact  or  condensed 
form,  accumulated  around  or  next  the  embryo,  which  feeds  upon  it 
in  germination,  until  it  is  so  far  developed  that  it  can  obtain  and 
assimilate  food  for  itself  (1)6).  The  name,  therefore,  which  was 
applied  to  it  by  Gnrtner,  from  ita  analogy  to  the  albumen  or  white 
<^  the  egg  of  birds,  is  not  inappropriate,  although  the  comparison 
will  not  bear  to  be  carried  out  in  detail.  As  would  be  expected 
from  its  functions,  the  albumen  is  the  more  copious  in  the  seed  in 
pitiporlioii  as  the  embryo  is  smaller  and  feebler,  or  less  developed. 
(Pig.  456,  compared  with  Pig.  461,  &c.) 

630.  When  the  embryo,  instead  of  being  arrested  in  its  growth 
in  the  seed  while  yet  minute  and  rudimentary,  developes  so  &r  as 
to  exhibit  its  component  organs,  and  form  its  cotyledons  into  evi- 
dent, but  usually  more  or  less  thickened  leaves  (as  in  the  Almond, 
Fig.  457,  458,  the  Bean,  the  Maple,  Fig.  105,  &c.),  it  absorbs  the 
nutritive  matter  of  the  nucleus  immediately  in  the  course  of  its 
growth  ;  either  completely,  as  in  the  examples  just  adduced,  orpar- 
tially,  so  as  to  leave  a  thin  albumen  (as  in  Polygola,  the  Bladder- 
nut,  &c.).  In  such  txalbitminouM  seeds  (viz.  those  entirely  desti* 
tule  of  albumen),  the  requisite  store  of  nourishment,  whether  of 
fiinnaceous,  mucilaginous,  or  oily  matter,  or  frequently  of  all  these 
kinds  combined  (as  in  flax-seed,  the  walnut,  the  almond,  it,c.), 
is  lodged  in  the  embryo,  chiefly  in  the  cotyledons,  instead  of  being 
accumulated  around  it.  Here  the  embryo  occupies  the  whole  cav< 
ity,  or  forms  the  whole  kernel  of  the  seed,  and  is  directly  invested 
by  the  integuments  (Fig.  454,  1047) ;  while  in  alhtminotu  seeds 
the  albumen  is  interpoeed  between  them,  at  least  on  one  side  (Pig. 
463, 559),  and  more  commonly  on  all  sides  (Pig.  451, 452). 
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631.  Hh  EmbrTOi  b«iig  an  initial  pland«t  or  new  indiTidual,  is  of 
course  the  moBl  important  part  of  the  seed;  and  to  ita  production, 
protBCtioD,  and  support  all  the  other  parts  of  the  fruit  and  flower 
are  subservient.  It  becomes  a  plant  by  the  mere  development  of 
ita  parts:  it  therefore  possesses,  in  a  rudimentary  or  undeveloped 
state,  all  the  essential  organs  of  vegetation,  namely,  a  root,  ^em, 
and  leaves,  as  has  already  been  explained  (113,  118,  Fig.  105- 
107).  In  numerous  cases,  as  in  the  Maple,  the  Linden  (Fig.  626), 
uid  the  Convolvulus  (Fig.  927),  dtc,  these  several  parts  are  per- 
fectly distinguishable  in  the  seed ;  and  the 
seed-leaves  are  already  foliaceous  :  some- 
times  they  are  large,  but  thickened  by  the 
nourishing  matter  they  contain,  as  in  the  Al- 
mond (Fig.  457),  and  the  Oak  (Fig.  1047). 
Frequently,  however,  we  only  observe  on 

^  „         oblong  body,  cleft  or  barely  two-lobed  at 

one  end,  as  in  Fig.  454 ;  but  in  germination 

the  undivided  extremity  elongates  into  a  root,  the  two  lobes  at  the 

opposite  end  disclose  their  real  nature  by  expanding  into  leaves, 

and  the  stem  rises  between  them. 

632.  The  two  lobes,  or  rudiments  of  the  first  pcur  of  leaves,  ore 
termed  Cottlbdons  ;  the  bud,  which,  if  not  actually  visible  in  the 
seed,  as  in  the  Almond  (Fig.  45S,  a),  appears  between  tbem  when 
germination  commeDces,  is  called  the  Pluhule  ;  and  the  portion 
below,  which  gives  rise  to  the  root,  is  named  the  Radicls. 

633.  In  these  illustrations,  we  have  assumed  the  embryo  with  a 
pair  of  cotyledons  to  be  the  typical,  aa  it  is  the  most  common  form, 
occurring  as  it  does  in  all  the  families  of  Exogenous  plants  (186). 
Hence  the  latter  are  also  called  Dicottleoonoub  Pi.ants  (188). 

634.  But  in  all  Endogenous  plants  only  one  cotyledon  appears, 
or  at  least  only  one  on  the  primary  node ;  if  two  rudimentary 
leaves  are  present,  one  of  them  is  alternate  with  the  other,  and  be- 
longs to  a  second  node.  Hence  Endogens  are  also  termed  Mono- 
COTrLBD0Noi7S  Plants.  The  monocotylodonous  embryo  does 
not  usually  present  the  same  manifest  distinction  into  radicle, 
cotyledons,  and  plumule,  aa  the  dicotyledonous ;  but  often  appeara 
like  a  homogeneous  and  undivided  cylindrical  or  club-shaped 
body,  as  in  Triglochin  (Fig.  460).     In  this,  as  in  many  othei 

PIU.  1S7.    EnbrrndhgwholaksniaDiirtlHjtlnwod.    fSa  ThaMiu,  wILb  ana  of  Iha  cs- 
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monocotyledonous  embryos,  however,  a  vertical  alii,  or  chink,  is 
obserred  near  the  radicular  extremity,  through  which  the  plumule 
is  protruded   in    germination.     If    the 
embTyo  be  divided  parallel  with   thia 
■lit,  iho  plamule  is  brought  into  view ; 
u  ia  Fig.  461.     If  a  horizontal  section 
be  made  at  this  point  (as  in  Fig.  462), 
the  cotyledon  ia  foun^  to  be  wrapped 
around  the  iocloaed  plumule,  sheathing     ' 
it,niuchasthebudand  theyoungerparts  •■        m      «» 

of  the  stem  are  sheathed  by  the  bases  of  the  leaves  in  most  monO' 
colyledoaous  plants.  The  plumule  is  more  manifest  in  Grasses, 
especially  in  the  cereal  grains,  and  more  complex,  exhibiting  the 
ludiments  of  several  concentric  leaves,  or  of  a  strong  bud,  previous 
to  germiDKtion  (Pig.  463-465).  In  many  cases,  however,  no  dis- 
tinction of  parts  is  apparent  until  germination  commences ;  as  in 
the  Onion,  the  Lily,  &c. 


1^ 


635.  The  more  common  of  the  extremely  varied  forms  under 
which  the  embryo  occurs  may  readily  be  gathered  from  the  nu- 
merous illustrations  scattered  through  this  volume  ;  which  need  not 
be  specially  enumerated.  Its  position  as  respects  the  albumen, 
when  that  is  present,  is  also  various.  Although  more  commonly 
in  the  axis,  it  is  of\en  excenlrie,  or  even  external  to  the  albumen, 
as  in  all  Grasses  (Fig.  463-465),  in  Polygonum  (Fig.  ^787),  dtc. 
When  external  or  nearly  so,  and  curved  circularly  around  the 

Flo.  4S9.  SvdofTrigkicblDpkluKn;  Uu  Aipti(,le«UnguilHMRn|chiluuUHnm- 
mli,  utnsd  uimnli  Iha  if(.  4a>.  Tha  arabrjia  diUcbMl  from  Iha  iHd  oau,  ibBwlDg  Iht  loo- 
itludlnil  chink  u  Km  taH  of  tba  curMon ;  tba  ition  ful  bilaw  ii  Ibt  ndlclA.  461.  Sum, 
■Uh  (ba  ehlok  Uned  laimllf,  lod  hiUf  tha  c«;l«lon  cm  am/,  bringing  to  Ttaw  ibo  ;jumula 
ca^Hkd  wiihla.    iSS-  A  CTDM-anctlon  Ihioufblbfl  plumnle,  mora  raagnlSad. 

FIG.  463  Venlcil  aaeilnn  of  a  gnln  of  Indian  Cam,  pmlng  tbrough  Iba  tmbrrD;  c,  Um 
iMrlaiin;p,  (iHiiliinnila;  r,  Iba  ndlda.  (A  highl/ magnllbidinnlanartbealbuDwi,  which 
iiBtaauplhBixliidpalbiilkaftbainln.litlHwn  In  Fig.  £3,  p.  G7.)  4S4.  SImllu  aKllga  oT 
tfninof  Rta.  486.  Vanlol  aacUnnof  an  Oai-gnln  :  a,  Ibe  •IbnmKi;  c,  the  anjUdon;  p, 
LtaaOlBinilc:  udr,  Iha  imllcli  gf  Ibe  ambrra. 
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albumen,  u  in  Fig.  559,  565,  99S,  uid  genenlly  in  the  fiuniliet 
from  which  theae  illuatnttiooa  ore  taken,  it  ia  called  periphtrie. 
When  the  embryo  is  heat  so  that  the  radicle  is  placed  against  Iho 
edges  of  the  co^ledona,  the  latter  are  said  to  be  acaunhaii  (Fig> 
^9) ;  or  when  the  radicle  rests  aguDst  the  back  of  one  of  them 
(Pig.  538),  Ihejr  are  called  incumbeta. 

636.  The  situation  of  the  embryo  with  reapect  to  the  base  and 
apex  of  the  seed  ia  so  far  uniform,  that  the  rtdicle  always  poinb  to 
the  micropyle,  aa  already  mentioned.  As  the  nature  of  the  seed 
may  usually,  after  aorae  practice,  be  leadily  determined  by  exter- 
oal  iuspection,  so  the  situation  of  the  embryo  within,  consequently, 
may  often  be  inferred  without  actual  dissection. 

637.  The  direction  of  the  embryo  with  respect  to  the  pericarp  it 
also  particularly  noticed  by  systematic  writers ;  who  employ  the 
terms  ascending,  or  radicle  nperior,  when  the  latter  points  to  dis 
apex  of  the  fruit ;  descending,  or  radicle  inferior,  wUea  it  poinH 
to  its  base ;  centripet^,  when  the  radicle  is  turned  towards  iba 
axis  of  the  fruit;  eentrifagai,  when  turned  towards  the  sides; 
and  vague,  when  it  bears  no  evident  or  uniform  lelatioa  of  ibe 
kind  to  the  pericarp. 

638.  Sometimes  the  two  cotyledons  of  a  dicotyledonous  embryo 
are  consolidated  or  more  or  less  coherent  by  their  conliguoua  faces 
into  one  maas,  when  they  are  said  to  be  cot^errwninaley  as  in  the 
Horsecheatnut  (Pig.  661). 

639.  In  the  Cuscula,  or  Dodder,  which  never  produces  foliage, 
the  embryo  also  ia  entirely  destitute  of  colyledona  (Fig.  122- 
124).  Here  these  organs  are  suppressed  in  an  embryo  of  coo- 
sideroble  size  ;  but  in  most  such  parasites,  the  embryo  is  very  mi- 
nute, as  well  as  reduced  to  the  greatest  degree  of  simplicity,  and 
seems  to  remain  until  germination  in  a  very  rudimentary  stale. 

640.  On  the  other  hand,  the  embryo  assumes  the  highest  com- 
plexity in  Pinea  and  raaoy  other  Coniferous  plants  (400;  ;  where 
the  cotyledons  as  they  form  are  increased  in  number,  from  two  to 
four,  six,  or  even  fifteen,  by  collateral  chorisiB  (465) ;  here  (ba 
embryo  is  polyeoti/ledonotis. 

Sect.  IL    Gekmination. 

641.  Oaa  narrow  limits  prevent  us  from  illustrating  the  various 
arrangements  for  the  natural  disaemination  of  seeds,  which  would 
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ronn  the  subject  of  an  ialeresting  chapter ;  and  from  considering 
the  circumatances  under  which  the  embryo  retains  its  vitality,  in 
maay  species  ordinarily  for  a  few  moDths  only,  in  some  perhaps  for 
many  centuries.*  We  must  very  briefly  notice  the  conditions 
under  which  this  latent  vitality  is  called  into  activity,  and  the  em- 
bryo is  developed  into  a  plant. 

643,  The  conditions  requisite  to  germination  are  exposure  la 
mmature  and  to  a  certain  amount  of  heal,  varying  from  50°  to  60° 
(Fahrenheit)  for  the  plants  of  temperate  climates,  to  which  must 
be  added  a  free  communicatioD  with  the  air.  Direct  light,  so  es- 
KDlial  to  subsequent  vegetation,  is  unnecessary,  if  not  unfavorable 
to  germination.  The  degree  of  heat  required  to  excite  the  latent 
vitality  of  the  embryo  is  nearly  uniform  in  the  same  species,  but 
widely  different  in  different  plants  ;  since  the  common  Chickweed 
will  germinate  at  a  temperature  not  far  above  the  freezing-point  of 
water,  while  the  seeds  of  many  tropical  plants  require  a  heat  of 
90°  to  110°  (Fahrenheit)  to  call  them  into  action,  and  are  often 
exposed  to  a  considerably  higher  temperature.  Seeds  are  in  the 
moat  favorable  condition  for  germination  in  spring  or  summer, 
when  loosely  covered  with  soil,  which  excludes  the  light  while  it 
freely  admits  the  air,  moistened  by  showers,  and  warmed  by  the 
nys  of  the  sun.  The  water  which  is  slowly  absorbed  soflens  all 
the  pans  of  the  seed  ;  the  embryo  swells,  and  burats  its  envelopes; 
the  radicle  is  protruded,  and,  taking  a  downward  direction,  fixes  it- 
self  in  the  soil ;  while  the  other  extremity  elongates  in  the  opposite 
direction,  bringing  the  cotyledons  (except  when  these  remain  un- 
der ground,  as  in  the  Pea,  the  Horsechestnut,  Wheat,  Sk.)  and 

'  It  is  well  known  that  Keda  which  h&re  been  kept  for  sixty  yean  have  gv 
minatcd ;  and  it  leems  thM  grun«  of  wheat,  taken  from  ancient  mammiea  un- 
der drcunutancea  which  leaTS  little  doabC  of  their  high  antiquity,  hare  been 
made  to  gertninaU ;  bai  in  those  ouet  tbere  ore  several  lonrcea  of  pouible  de- 
ception. Dr.  Lindley  record*  the  remarkable  case  of  Mine  Raapbemee,"  raited 
in  the  garden  of  the  Horticaltnral  Societj  froin  leeda  taken  from  the  ilomach 
of  a  man,  whose  skeleton  wu  foaad  thirty  feet  below  the  surface  of  (he  earth, 
at  the  bottom  of  a  barrow  which  wm  opened  near  Dorchester.  He  had  been 
buried  with  some  coins  of  the  Emperor  Hadrian ;  and  it  ■>  ikarefim  pnhatU  that 
lie  Ktdi  leert  nrfeen  or  ttetntten  iunilnd  i/tart  eld."  Moat  weds,  when  bntied 
deep  in  the  soil,  where  they  are  inbjeet  lo  a  uniform  and  moderate  tempera- 
tore,  and  remoTed  from  the  infioonce  of  the  air  and  light,  are  in  a  foroTable 
*late  For  the  preserrBlion  of  vitality,  and  will  germinate  when  bronght  to  the' 
sniface  after  a  long  interval. 
29 
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the  plumule,  or  growing  apex  of  the  young  stem,  to  the  surface, 
when  the  primordial  teavea  expand  in  the  air.  As  soon  as  ihe 
root  and  leaves  tire  developed,  each  in  their  appropriate  medium, 
the  process  of  germinatioD  is  finiBhed ;  and  the  plant,  deriving 
through  them  its  nourishment,  continues  to  grow  in  the  manner 
already  described  (113). 

643.  The  nourishment  which  the  embryo  requires  during  gerrai> 
nation  is  furnished  by  the  starch,  dec.  of  the  albumen  (627),  when 
this  substance  is  present  in  the  seed  ;  or  by  starchy  or  other  matter 
accumulated  in  its  own  tissue  (630).  But  as  starch  is  insoluble  in 
cold  water,  certain  chemical  changes  are  necessary  to  bring  it  into 
a  fluid  state,  so  that  it  may  nourish  the  embryo.  These  changes 
are  incited  by  the  proteine  compounds,  or  neutral  azotizcd  products 
(354),  which  are  largely  accumulated  in  the  seed,  whether  in  ihe 
albumen  or  in  the  embryo  itself  (3&6),  and  which  here,  as  else- 
where, take  Ihe  initiative  in  all  the  transformations  of  vegetable 
matter  (27).  Here,  just  as  in  growth  from  a  bulb  or  tuber,  the 
changes  essentially,  consist  in  the  transformation  of  the  starch, 
first  into  dextrine,  or  gum,  and  thence  into  sugar  (350),  a  part  of 
which  is  destroyed  by  resolution,  firal  into  aceltc  acid,  and  finally 
into  carbonic  acid  and  water,  with  the  abstraction  of  oxygen  from 
the  air,  and  the  evolution  of  heat  (372),  while  the  remainder  is 
rendered  directly  subservient  to  the  growth  of  the  plantlet  The 
reason  why  light,  so  essential  to  subsequent  growth,  impedes  or 
prevents  incipient  germination,  becomes  evident  when  we  remem- 
ber that  it  incites  the  decomposition  of  carbonic  acid,  and  the  fixa- 
tion of  carbon  by  the  plant  (344-350);  while  germinaticHi  is 
necessarily  attended  by  an  opposite  transformation,  namely,  the 
destruction  of  a  portion  of  organized  matter,  with  the 
evolution  of  carbonic  acid. 

644.  In  most  Dicotyledonous  plants,  the  cotyledons 
rise  out  of  the  ground,  and  perform  more  or  less 
perfectly  the  office  of  leaves,  until  those  of  the  plu- 
mule expand  (Fig.  100-107) :  but  when  the  cotyle- 
dons are  very  thick  and  fleshy,  as  in  the  Horsechest- 
nut,  the  Pea,  the  Oak,  Ate,  they  serve  merely  as 
reservoirs  of  nourishment,  and  remain  under  ground, 
that  is,  are  hypogaous  in  germination,  the  first  leaves 
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vbich  appear  being  tboiie  of  the  plumule.  Thii  is  also  the  c 
all  MoDocolyledonous  planta ;  ia  which  the  cotyledot 
withiD  the  integuinents  of  the  seed,  while  the  radicle  and  plumule 
together  pasa  out  at  or  near  the  micropjie,  as  shown  in  the  ger- 
mioating  seed  of  Scirpus  (Fig.  46fl). 

645.  Seeds  may  casually  ^nninale  while  attached  to  the  parent 
plant,  especially  auch  as  are  surrounded  with  pulp,  like  those  of 
the  Cucumber  and  Melon.  The  proceaa  ia  liable  to  commence  ia 
wheat  and  other  grain,  when  protncted  warm  and  rainy  weather 
occurs  at  the  period  of  ripening ;  and  the  albumen  becomes  gluti- 
aous  and  aweet,  from  the  partial  transformation  of  the  starch  into 
gum  and  sugar.  In  the  Mangrove,  which  forms  dense  thickets 
along  tropical  coasts,  germination  commonly  takes  place  in  the 
pericarp  while  the  fruit  remaiiis  on  the  tree ;  and  the  radicle,  pier- 
cing the  integuments  which  inclose  it,  elongates  in  the  air ;  such  a 
[dant  being,  as  it  were,  vwiparout.  This  very  natumlly  takes 
place,  also,  in  the  seeds  of  hypogaotu  fruits,  namely,  when  the 
fruit  ia  produced  en  radical  branches,  beneath  the  surface  of  the 
■oil,  aa  in  the  Peanut,  in  Amphicarpcea,  Polygala  polygama,  and 
many  other  plants. 


CHAPTER    XII. 

OF    BEPHODUCTION    IN    GRTPTOQAMOL-S    OR    FLOVTERLBSS 


646.  The  general  morphology  of  these  simpler  forms  of  vege- 
tation has  been  very  briefly  adverted  to  (Chapter  11.)  in  sketching 
the  progressive  development  of  plants,  from  those  of  a  single  cell 
or  a  simple  congeries  of  cella  up  to  those  which  exhibit  the  com- 
pleted ^pe  of  vegetation.  Taken  collectively,  we  distinguish  this 
lower  series  of  the  vegetable  kingdom  by  negative  characters  only  \ 
saying  that  they  do  not  bear  true  fiovtrt  (consisting  essentially  of 
stamens  and  pistils),  and  accordingly  do  not  produce  leeds,  or  bod- 
ies consisting  of  a  distinguishable  embryo  plantlet,  developed  in  an 
ovu1e,throughfertilizationby  means  of  pollen.  Their  j;i(M'e«(  101), 
or  the  bodies  produced  in  their  fructification  by  which  they  are 
propagated,  and  which  therefore  answer  to  seeda,  are  single  cells. 
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in  moat  cases.  These,  sa  tbey  germioate  io  the  soil,  or  whatever 
medium  they  grow  in,  undergo  a  development  at  the  time  of  their 
germination  which  has  been  compared  with  that  of  the  embryonal 
vesicle  (&T7)  during  its  development  into  the  embryo  in  the  ovule 
of  a  PhffiDogamouB  plant.  But  the  organs  of  fructification,  and 
the  modes  in  which  the  spores  are  produced,  are  so  exceedingly 
diverse  in  the  different  families  of  Cryptogamous  plants,  that  bota- 
nists are  as  yet  unable  to  reduce  them-to  a  common  formula  or  type, 
as  they  have  done  in  Phsenc^mous  vegetation.  Each  great  fam- 
ily of  the  Cryptogamia  seems  to  be  formed  on  a  plan  peculiar  to 
itself;  each  presents  a  special  morphology,  and  has  to*he  inde* 
pendently  treated,  —  with  considerable  fulQoss  too,  and  much  par- 
ticularity of  illustration,  if  the  subject  is  to  be  made  intelligible  to 
the  unpractised  student  Moreover,  the  functions  of  tbe  different 
oi^ns  are  io  some  cases  as  unsettled  as  their  morphology.  Tbe 
leading  characters  of  the  several  ordera  of  Cryptogamic  plants, 
and  the  principal  terms  applied  to  their  different  oi^ns,  will  be 
succinctly  illustrated  in  the  systematic  part  of  this  work  (927). 
Here  we  have  only  to  notice,  veiy  briefly,  what  is  kuowa  in  re- 
spect to  their  fertilization ;  conceiving  which  some  interesting  dis- 
coveries have  recently  been  made. 

646'.  The  truth  of  the  statement  that  Cryptogamous  plants  are 
Jmeerleai  depends  upon  what  a  flower  is  defined  to  he.  For  it  is 
now  demonstrated  that  at  least  all  the  higher  orders  of  Cryptoga- 
mous plants  are  provided  with  two  kinds  of  reproductive  organa, 
which  are  so  far  analogous  to  stamens  and  pistils,  respectively, 
that  the  fertilization  of  one  by  the  other  is  essential  to  reproduc- 
tioD.  The  structure  of  these  oi^pos,  however,  the  process  of  fer- 
tilization, and  the  resulting  product,  are  widely  different  from  those 
of  Phseoogamous  plants.  In  the  latter,  one  of  the  grains  of  pollen, 
which  are  the  essential  part  of  the  stamen,  by  a  peculiar  growth 
(573)  comes  into  proximity  with  and  fertilizes  an  embryonal  vesi- 
cle (577)  contained  In  an  ovule,  which  ia  tbe  essential  part  of 
a  pistil ;  and  tbe  result  is  the  formation  of  an  anbtyo,  or  plantlet 
ready  formed  in  the  seed.  In  Cryptogamous  plants  the  fertilizing 
cells,  or  seminal  filaments,  do  not  resemble  pollen  in  structure  and 
appearance  :  the  large  cells  that  contain  them,  being  analc^us  to 
anthera  io  function  merely,  are  called  Anthebidia,  or  antker-like 
bodies  :  the  cells  or  organs  upon  which  they  act  are  analogous  in 
fuDClioD  only  either  to  pistils  or  ovules,  and  are  therefore  named 
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PiSTtLLiDiA,  or  piatil-liJct  bodies  :  and  the  retulting  Sposbs  { 100] 
ore  fcHmed,  usinlty  four  together,  free  in  &  mother  cell  in  precJM- 
ly  the  same  maaoer  that  polteo-graias  are  formed  in  the  anther. 
The  spore,  moreover,  does  not  grow  at  oiice  lato  a. plant  like  the 
{Miienl,  DOT  is  one  part  of  it  predetermined  to  form  one  oi^n  of  the 
plant  and  one  aoother,  as  in  the  umplest  embryo ;  but  io  germiaa> 
tioQ  it  developes,  in  all  the  higher  Cryplogamous  plants,  by  a. 
aomewhat  indefinite  multiplication  and  extenaioa  of  cells,  into  a  cel- 
lular Btnicture,  or  thallua,  called  by  HofmeiBter  the  Pbo-embbyo  ; 
which  is  of  various  form  in  different  orders  of  plants,  hut  always 
unlike  the  parent,  and  from  certain  cells  of  which  buds  or  growing 
poiaiB  originate  and  grow  into  adult  plants.  The  whole  prooess  of 
fertilizatioa  and  development  presents  remarkable  differences  in 
different  ordeis  of  the  Cryptogamia. 

646^.  BcpiadactiSD  Id  Hmmi.  It  is  in  Mosses  that  the  antheridk 
■nd  pistillidia  were  first  recognized,  and  are  the  readiest  observed. 
The  antheridia  occur  either  in  the  axils  of  the  leaves,  or  collected 
Hito  a  head  at  the  summit  of  the  stem.  They  are  found  either  ia 
the  same  heads  as  the  pistillidia,  or  in  distinct  heads  on  the  sam* 
iodiriduats  (moncecious),  or  on  separate'  individuals  (dicecious). 
The  antheridium  (Fig.  1162),  is  merely  a  cylindrical  or  club- 
abaped  sac,  composed  of  a  single  layer  of  cells,  united  to  form  a 
delicate  membrane ;  within  which  are  developed  vast  numbers  of 
minute,  veiy  delicate  cells,  completely  filling  the  sac.  The  sac 
burstlDg  at  its  apex  when  mature,  the  delicate  vesicles  are  dis- 
charged. These  at  their  first  formation  contain  only  an  amorphous 
■ubstanoe,  which  turns  yellow  on  the  application  of  iodine ;  but 
when  mature,  a  slender  filament,  thickened  at  one  end  and  taper- 
ing off  to  a  fine  point  at  the  other,  may  be  seen  through  the  trans- 
parent walls,  spirally  coiled  up  in  the  interior  of  each  vesicle. 
When  these  vesicles  are  extruded  in  water  under  the  microscope, 
the  contained  filaments  may  be  seen  to  execute  lively  movements, 
wheeling  round  and  round  in  the  vesicle,  or,  when  disengaged 
from  the  latter,  and  assuming  a  corkscrew  form,  at  the  satne  time 
advancing  forward,  the  thin  end  of  the  filament  almost  always  pre- 
ceding. Minute  observation,  which  is  very  difficult,  both  from  the 
mpidity  of  the  motion  {which,  however,  is  arrested  by  poisons), 
and  from  the  great  delicacy  of  the  whole  structure,  shows  that 
the  movements  arise  fram  two  long  and  extremely  delicate  cilia, 
attached  to  the  tapering  end  of  the  filament    The  filament  itself 
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exhibits  no  independent  motion.  The  resemblance  of  these  mov^ 
iDg  filaments  to  the  M>«aUed  spermatozoa  in  animals  m  manifesL 
The  piatillidia  of  Mosses  {Pig.  1161),  which  appear  at  ihe  same 
time  as  the  antheridia,  and  often  mixed  with  them,  are  flssk- 
shaped  bodies  (like  ovaries  in  shape),  with  long  necks  (resemUing 
a  style),  composed  of  a  single  cellular  membrane.  T^e  neck  it 
perforated  by  an  open  canal,  leading  to  the  eolai^d  cavity  be- 
low,  at  the  base  of  which  a  single  cell,  projecting  free  into  the 
open  space,  is  the  germ  of  the  future  capsule  or  tporatigum  ( 105), 
io  which  a  great  number  of  spores  are  formed.  The  antheridia  are 
supposed  to  fertilize  the  pistillidia  by  means  of  the  spiral  tila> 
ments,  which  are  assumed  to  penetrate  the  canal  (d  the  neck  of  the 
pistillidium,  and  to  reach  the  cell  whkh  is  aAerwards  developed 
into  the  sporangium  or  fruit  No  such  process  of  fertilization  has 
actually  been  observed  in  Mosses :  but  it  is  well  known  that  no 
fruit  is  produced  by  plants  that  bear  antheridia  alone,  and  none  by 
the  plants  that  bear  only  pistillidia  unless  those  with  antheridia 
occur  in  the  vicinity.  The  spores  of  Mosses  are  single  cells,  with 
a  double  coat,  like  a  pollen-grain.  In  germination,  the  inner  or 
proper  membrane  of  the  spore  swells  and  protrudes,  from  any 
part  of  its  surface  favorably  situated,  a  tubular  process,  which 
forms  partitions  as  it  elongates  and  branches,  giving  rise  to  a  pro- 
emhryo  or  rudimentary  plantlet,  which  resembles  a  branched  Con- 
ferva, Certain  cells  of  its  various  branches,  taking  a  special  devel- 
opment, produce  buds,  which  are  soon  covered  with  a  tuft  of  rudi- 
mentary leaves,  and  grow  up  into  the  leafy  stems  of  the  perfect- 
ed plant  Here  a  single  spore,  or  rather  the  pro-embryo  developed 
from  it,  gives  rise  at  once  to  a  number  of  individuals. 

646*.  IcprodBCtiM  in  HepltiCB  appears  to  be  aiTected  in  a  man- 
ner physiologically  similar  to  that  of  Ihe  Mosses,  especially  in  those 
which  resemble  Mosses  in  their  vegetation.  Their  antheridia  are 
filled  with  vesicles  coniaining  the  same  active  spiral  filameats. 
In  some  of  the  frondose  kinds  the  pistillidia  are  more  like  those  of 
the  Perns ;  but  they  do  not  exhibit  the  remarkable  peculiarity  of 
the  latter  family,  which  may  now  be  described. 

646*.  BepndacliM  in  Pens.  In  Mosses,  as  in  all  Phsnogamoot 
plants,  the  organs  of  fructification  occur  as  the  last  stage  of  the 
vegetable  development,  the  perfecting  of  the  seed  even  involviog 
the  death  of  the  individual  in  numerous  cases:  and  the  fertilizing 
and  the  fertilized  organs  are  produced  at  the  same  time,  and  the 
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action  of  ooe  upon  the  other  is  immediatety  succeeded  hy  the 
full  developinent  of  the  fniil,  with  its  seeds,  or  spores,  as  the  case 
may  be.  But  the  Ferns,  according  to  recent  and  most  unexpected 
discoveries,  preseat  a  very  different  state  of  things.  Their  spo* 
nngia  (Fig.  1149, 1153),  which  are  not  essentially  unlike  those  of 
Mosses,  are,  as  in  the  latter,  produced  and  matured  on  the  fuU- 
growQ  plant  (usually  on  the  leaves,  however,  instead  of  in  their 
axils).  Bui  all  search  for  antheridia,  whether  accompanying  the 
sporangia  or  upon  any  other  part  of  the  Fern,  has  been  in  vain; 
and  consequently  the  doctrine  of  sexuality  <^  Cryptogamia,  so 
well  established  in  respect  to  Mosses,  entirely  failed  in  one  of  the 
highest  Ciy|>togamic  orders.  The  germination  of  the  aporas  of 
Ferns  bad  long  nnce  been  observed.  The  process  begins  in  the 
same  manner  as  in  Mosses :  but  the  extremity  of  the  tubular  pro- 
lotigsdon  of  the  spore,  converted  by  partitions  into  a  row  of  cells,  is 
developed  into  an  expanded,  leaf-like  body  (the  pro-tmbryo,  oa  it 
ia  now  called),  which  on  a  small  scale  resembles  a  frondose  Liverw 
wort.  Upon  this  body,  Nageli,  in  1844,  met  with  moving  spiral 
filaments,  like  those  of  the  antheridia  of  Chara,  iic.  "  The  an- 
nouncement of  this  discovery  seemed,"  as  Henfrey  remarks,  "  to 
destroy  all  grounds  for  the  assumption  of  distinct  sexes,  not  only 
in  the  Ferns,  but  in  the  other  Cryptogamia ;  since  it  was  argued 
that  the  existence  of  these  cellular  organs  producing  moving  spiral 
filaments,  the  so-called  spermatozoa,  upon  the  germinating  fronds, 
proved  that  ibey  were  not  to  be  regarded  as  in  any  way  connected 
with  the  reproductive  processes.  But  an  essay  published  by  the 
Count  Suminski  in  1848  totally  changed  the  face  of  the  question." 
On  the  under  side  of  the  delicate,  Marchantia-like,  germinating 
frond,  Suminski  found  a  number  of  cellular  o^ans  of  two  distinct 
kinds,  namely,  antheridia  and  what  he  calls  "  ovules."  The  for- 
mer, which  are  the  more  numerous,  are  pedicellated  cells  on  the 
surface  of  the  germinating  frond,  in  the  cavity  of  which  is  formed 
a  second  cell,  filled  with  minute  vesicles  containing  each  a  spiral 
filament  coiled  up  in  its  interior.  The  organ  bursts  at  its  summit, 
and  discharges  the  vesicles  in  a  mucilaginous  mass ;  the  spiral 
filaments  moving  within  the  vesicles  at  length  make  their  way  out 
of  them  and  swim  about  in  the  water.  They  resemble  those  of 
Mosses,  but  are  flat  and  ribbon-like,  as  in  Chara,  and  possess  ac- 
cording to  Suminski  about  six,  according  to  Th'uret  numerous 
cilia,  by  whose  vibrations  they  are  moved.    The  so-called  "  otulea  " 
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we  round  cavities  in  the  cellular  tissue  of  the  same  body,  openiag 
OD  the  under  side,  in  the  bottom  of  which  ia  a  single  globular  cell 
called  by  Suminski  the  embryo-sac.  Count  Suroinski  asserta  that 
he  has  CTcn  witnessed  the  process  of  fertilization  in  a  single  in- 
stance,  observing  the  entrance  of  one  of  the  moving  filaments  loSa 
the  '*  ovule."  Adopting  the  Schleideaian  doctriite  as  to  the  or^pn 
of  the  embryo,  he  maintains  that  the  vesicular  head  of  a  spiral 
filament  peneiratea  the  cell  which  repreaenta  the  embryo-sac,  and 
beoomeB  the  embryo,  producing  the  first  frond  and  the  terminal 
bud  from  which  the  stem  of  tbe  Fern  is  developed.  These  obser- 
vations and  Biatements  have  been  critioizod  and  extended  by  Thu- 
ret  (as  to  the  antheridia),  Hofoteistar,  Schacht,  M«tteaius,  aad 
Iferklin  (who  also  testifies  to  the  entrance  of  spiral  filaments  into 
the  '*  ovule  "),  and  in  tbe  essential  parttculars  confirmed,  except 
as  to  the  mode  of  formation  of  the  so-called  "  embryo  "  or  bad. 
In  Ferns,  therefore,  it  is  not  the  sporangium  that  is  fertilized,  nor 
the  spores,  but  tbe  genninating  plantlet  formed  by  the  growth  of  a 
bpore.  Without  this  fertiiizatioo,  it  appears  that  tbe  pro.«mbryo  of 
«  Pent  is  iocapable  of  producing  leaf-buds  and  perfecting  the  de- 
velopment of  tbe  plant,  as  does  tbe  Moss :  with  it,  not  only  bodi 
and  the  whole  vegetation  of  the  individual  plant  are  formed  and 
perfected,  but  even  the  fruit  and  tbe  spores  are  matured,  witfaoot 
further  impregnation.  While  thus  in  tbe  Ferns  the  spore  forms  only 
the  pro-embryo  without  impregnation,  in  Mosses  it  goes  on  to  torn 
the  whole  leafy  stem  witliout  impregnatioa  ;  this  operation  thea 
taking  place,  at  the  same  period  as  in  nnonogamotts  plants,  causa 
the  development  of  tbe  spore-producing  part  of  tbe  plant  only. 
These  facts,  which  may  be  expressed  In  various  theoretical  forms, 
open  some  inlereeting  questions  and  speoulatiooB  in  general  pbyn- 
ology.* 

646*.  Bepndaeflm  is  EqalHtaeCR  is  physiologically  the  same  as  ia 
Ferns;  the  antheridia,  first  detected  by  Thuret,  and  so-called 
"  orales,"  being  produced  on  an  irregular,  many-lobed  pr> 
embryo,  which  results  from  the  germiiuttion  of  tbe  spore. 

*  Tbe  EnglUh  reader  li  rcforrad  to  HenTrBj'i  TruuUtion  of  Uohl'i  Aaatmi 
aad  Pligiiolcsg  of  tht  VtgftaliU  Cdl;  and  Bentnj't  Hrport  <m  tke  RcprtJuOim 

and  tuppotd  Eiitteixx  iifSexvai  Oryaia  ia  the  higKer  Cn/f^a/amoia  Planli,  in  tba 
Report  of  (he  British  Association  Tor  the  Adv&ncemeDt  of  Science,  Tor  ISil, 
reprinted  In  SlllimaD'i  Journal,  Vol  14  and  15;  ttam  wfaidi  the  ahon  tt- 
eonat  hai  been  eondsBsed. 
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646*.  KepndBetio&  is  Hrdroptnldti  ind  lyttpodiBtes  presentB  etill 
other  modiGcations,  oot  readily  explained  without  many  detailt, 
and  as  yet  incoinpletely  lOTeBtigated.  Most  of  these  plants  pro* 
dnce  two  kinds  of  reproductive  bodies ;  namely,  rather  lai^  spores, 
mostly  definite  in  number;  and  minute,  pollen-like  grains,  in  great 
abundance.  The  latter  have  also  been  taken  for  real  spores  :  hut 
it  appears  that  in  germination  they  produce  minute  vesicles  or  an- 
tberidiat  cells  containing  spiral  filaments.  These  doubtless  fertil- 
ise the  minute  and  transitory  pro-embryo  formed  by  the  germina- 
tion of  the  larger  or  true  spores,  on  which  one  or  more  of  the  so- 
called  "ovules,"  and  later,  *' embryos"  or  growing  points,  have 
been  detected ;  the  latter  giving  immediate  origin  to  the  leafy 
plant  The  great  difficulty  which  remains  is,  that  in  true  Lycopo- 
dium  only  these  smaller,  pollen-tike  bodies  are  produced. 

646*.  Bepndietion  of  Chanme.  The  two  kinds  of  reproductive 
oq^Qs  in  Cbara  have  long  been  recognized,  and  their  relative 
liinctions  suspected  ;  the  red  or  orange-colored  globule,  situated  at 
the  base  of  the  conspicuousnuoi^  or  iporocorp  (Pig.  1166),  hav- 
ii^  by  the  earlier  botanists  been  taken  for  an  anther.  This  is 
oompoaed  of  eight  ^ield-shaped  valves,  containing  the  coloring 
matter,  nod  surrounding  a  cavity  into  which  projects  a  flask-shaped 
cell ;  and  to  the  apex  of  this  are  attached  a  mass  of  fine  confervoid 
filaments,  divided  into  a  close  row  of  cells,  in  each  of  which  a 
spiral  filament  is  developed.  These  filaments  move  by  means  of  two 
very  long  cilia,  attached  near  one  extremity :  they  escape  from 
the  cells  atier  the  valves  of  the  globule  open,  execute  very  lively 
n>ovements,  and  doubtless  fertilize  the  spoie-bearing  organ,  but  in 
what  particular  manner  is  not  yet  well  made  out.  The  Chans  are 
io  simple  in  their  o^na  of  vegetation  that  they  have  been  ranked 
with  the  Algte,  and  even  referred  to  one  of  the  lowest  tribes  of  that 
family.  But  their  oi^ns  of  reproduction  ally  them  rather  with 
the  higber  Cryptogamia.  The  remaining,  lower  forms  of  Cryp- 
togamous  plants  have  generally  been  supposed  to  be  strictly  asex 
ual,  even  by  those  who  have  maintained  the  sexuality  of  Mosses, 
die.  But  very  recent  researches  have  now  rendered  it  much  more 
probable  that 

646*.  BepTOdBCtiOD  In  ThallopbTlei  generally,  both  in  Licbenea  and 
in  the  higher  grades,  at  least,  of  Algse  and  Fungi,  is  effected 
through  the  agency  of  fertilizing  cells,  or  corpuscles  of  some  form, 
upon  the  cells  in  which  the  spores  are  produced.    The  corpuscles 
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of  the  antlioridu  do  not,  indeed,  occur  in  (he  form  of  apiral  fil&- 
menti,  but  nre  oblong  or  globular :  they  are,  moreover,  motion' 
less,  as  far  as  has  yet  been  ascertained,  except  in  the  Fucaces  or 
olive-colored  Beries  of  Algte  ;  In  which  they  execute  free  and  lively 
movements  j  and  even  the  cilia  by  which  the  motion  is  efifected 
have  been  detected  by  ThureL  As  similar,  although  motionless, 
corpuscles  have  been  discovered  in  the  Floridera  or  Rose-red 
Alge,  in  many  Fungi,  and  in  almost  all  the  genera  of  Lichenes, 
occurring  as  a  regular  part  of  the  structure,  and  at  a  certain 
epoch,  theie  can  he  little  doubt  that  they  subserve  similar  func- 
tions in  all  these  cases ;  and  it  is  in  the  highest  degree  probable 
that  these  functions  are  analogous  to  those  of  the  spiral  filBmeois 
of  Chara,  the  Mosses,  and  the  other  Cryptogamla  of  the  higher 
grades.  We  can  here  barely  refer  to  those  recent  memoin  in 
which  these  important  discoveries  are  recorded  or  illustrated, 
viz.  :  —  Nigeli  in  Bot.  ZeitKng,  1848.  Ilsigsohn  m  Bol.  Zti- 
bng,  1830.  Thuret  in  Am.  Sci.  Nat.,  3d  ser.  14  &  16, 
1850-1.  Harvey,  NereU  Bor.-Amer.  in  Smilhaonitut  ContrihK- 
tiont,  1853.  Berkeley  and  Broome  in  Rfp{trt  ofBritUh  Astoda- 
tioH  for  1851.  Tulasne  in  Compta  itendw,  1851,  and  Ann,  ScL 
Nat.  17. 1852. 


CHAPTER    XIII. 


OP   THE    aPOJtTANBODS  H0TBHEKT8  WHICH   FLAKTS   EXHIBIT. 

647.  The  facts  brought  to  view  in  the  preceding  chapter  respect- 
ing  the  production  by  Cryptogamous  plants  of  minute  bodies  tem- 
porarily endowed  with  the  power  of  locomotion,  leads  to  the  con- 
sideration of  the  various  movements  which  are  executed  by  the 
ordinary  organs  of  vegetables.  Plants,  like  other  living  beings, 
execute  certain  movements,  or  changes  in  the  position  of  their 
parts,  through  some  inherent  powers,  which,  though  far  less  strik* 
ing  and  less  varied  than  in  animals,  and  of  a  nature  different  from  '. 
muscular  motion,  must  not  he  overlooked. 

648.  Tbe  Spetiol  DincUeu  which  the  organs  of  the  plant  assume 
belong  to  this  class  of  tnanifestatioDs,  although  the  movements  are 
mostly  much  too  slow  to  he  directly  observed.     Among  these  the 
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most  uniTersal  are  tbe  invBriable  descent  of  the  root  in  fermino* 
tran,  the  ascent  of  the  stem  into  the  light  and  air,  and  the  turning 
of  branches  and  the  upper  surface  of  leaves  towards  the  light 
(US,  139,  394).  Although  these  movements  are  incited  hj  com- 
mon physical  agents,  and  cannot  be  the  result  of  any  thing  like 
volition,  yet  all  of  them  are  inexplicable  npoa  mechanical  prin- 
ciples.  Some  of  them,  at  least,  are  spontaneous  motimiB  of  the 
plant  or  organ  itself,  due  to  an  inherent  power,  which  is  merely 
pat  in  action  by  light,  attraction,  or  other  external  influences. 

649.  The  external  agencies  concerned  inthedescentof  the  root 
and  the  rise  of  the  atera  seem  chiefly  to  be,  —  1st,  the  attnction  of 
Ibe  earth  acting  upon  the  root ;  and  2d,  the  influence  of  tight  upon 
the  stem.  The  influence  of  gravitation,  or  of  a  similar  force,  was 
proved  by  the  celebrated  experiment  of  Mr.  Knight ;  who  caused 
Ihe  seeds  of  the  Bean  to  germinate  in  a  quantity  of  Moss  fastened 
to  the  circumference  of  a  wheel,  which  was  made  to  revolve  verti- 
cally at  a  rapid  rate  ;  where  the  effect  of  gravity  was  replaced  by 
tf»t  of  centrifugal  force.  On  examination,  after  some  days,  the 
young  root  and  stem  were  found  lo  have  taken  the  direction  of  the 
axis  of  rotation ;  the  former  being  turned  towards  the  circumfer- 
eoce,  and  the  latter  towards  the  centre  of  the  wheel.  The  same 
result  took  place  when  the  wheel  was  made  to  revolve  horizontally 
with  considemble  rapidity ;  hut  when  the  veloci^  was  moderate, 
the  roots  were  directed  obliquely  downwards  and  outwards,  and 
the  stems  obliquely  upwards  and  inwards,  in  obedience  both  to 
the  centrifugal  force  and  the  power  of  gravitation,  acting  at  right 
angles  to  each  other.  The  diflerent  behavior  of  the  root  and  stem 
is  here  supposed  to  depend  upon  their  different  mode  of  growth. 
The  former  growing  at  its  extremity  only,  the  soft  substance  of 
the  growing  point  was  aupposed  to  obey  the  atlmctioa  of  gravita- 
tion, and  curve  downwards ;  while  the  latter  growing  by  the  elon- 
gation of  a  series  of  intemodes  already  formed,  the  solid  tissues 
would  be  unaffected  by  gravity,  which  could  afTect  only  its  nutri- 
tive juices,  causing  their  accumulation  oa  the  lower  side  of  a  stem 
out  of  the  perpendicular  line,  which  side,  thus  more  actively  nour- 
'  isbed,  would  grow  more  vigorously  than  the  upper,  end  so  cause 
the  stem  to  turn  upwards.  There  are  aeveral  objections  lo  this 
ezplBDBtion ;  among  them  is  the  fact  that  the  root  is  capable  of 
peaeirating  b  fluid  of  greater  density  than  its  own  suhetence,  such 
M  meiGury.    That  light  is'lhe  chief  eausa  of  the  upward  direction 
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of  the  atem,  while  it  is  avoided  bjr  the  roots,  ^>peara  from  experi- 
meota  by  Schultz  and  MoM ;  who  reTened  the  natural  condition, 
by  c&uaiag  seeds  to  germinate  in  Moss,  so  arranged  that  the  only 
light  they  could  receiTe  was  reflected  from  a  mirror,  which  threw 
the  solar  rays  upon  them  directly  from  below ;  in  which  case  it  wu 
found  that  their  roots  were  sent  upward  into  the  Hoss,  contraiy  to 
the  ordinary  direction,  and  their  stems  downward  towards  the  lighL 

650.  The  Miatletoe  obeys  the  attraction  of  the  trunk  or  bnuKh 
upon  which  it  is  parasitic  (134),  just  as  ordinary  plants  obey  tbs 
attraction  of  the  earth ;  its  roots  penetrating  towards  the  centre, 
while  the  stems  grow  perpendicular  to  the  surface  of  the  branch, 
and  are  therefore  placed  in  various  positions  as  respects  the  e&nh. 
When  the  germinating  seeds  of  the  Mistletoe  were  fixed  on  the 
surface  of  a  cannon-ball,  all  the  radicles  were  found  to  be  directed 
towards  its  centre.  A  well-devised  experiment  made  by  Dutrocbet 
goes  to  show,  that  the  pointing  of  the  radicle  to  the  adjacent  body 
(and  consequently  of  the  germinating  root  generally  towards  the 
earth's  centre)  is  not  the  result  of  the  immediate  attraction  of  Iha 
adjacent  body,  or  of  the  earth,  but  is  a  spontaneous  movement  due 
to  some  internal,  vital  cause,  put  in  action  by  the  exterior  influ- 
ence. He  mounted  the  seed  of  a  Mistletoe  upon  one  extremity  of 
a  very  delicately  balanced  needle,  which  would  turn  with  the 
slightest  force,  and  placed  it  st  the  distance  of  half  a  line  from  the 
surface  of  a  large  cannon-ball.  In  germination  the  radicle  direct- 
ed its  point  to  the  ball,  and  soon  came  into  contact  with  the  sur- 
face ;  but  the  end  of  the  needle  had  not  moved  in  the  slightest 
degree  towards  the  ball,  as  it  would  have  done  from  a  mere  ex- 
terior attraction.  By  such  experiments  Dutrochet  has  proved  that 
the  curvature  of  thb  root  to  grow  downward  oi  from  the  light,  and 
of  the  stem  in  the  opposite  direction.  Is  independent  of  their 
growth ;  and  that  the  cause  must  be  looked  for  in  the  cells  of  the  or- 
gans themselves.  He  has  attempted  the  explanation  by  the  aid  of 
endosmosLS  under  different  conditions  of  light,  &c. ;  hut  wiihoul 
full  success,  except  in  showing  that  curvature  is  not  produced  by  a 
contraction  of  the  side  which  becomes  concave,  but  by  the  enla^ 
ment  of  that  which  becomes  convex.  f 

651.  When  the  stem  has  emerged  from  the  earth,  it  tend*  to 
expose  itself  ss  much  as  possible  to  the  light,  the  growing  parts 
always  turning  towards  the  side  most  strongly  tltuminated ;  as  m 
observed  when  a  plant  is  placed  in  an  apartment  lighted  from  a 
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■iogle  aperture.  This  is  mochanically  accounted  for  by  De  Can* 
dolle,  on  the  supposition,  that,  aa  the  side  upon  which  the  tight 
atrikea  will  fix  most  carbon  by  the  decomposition  of  carbonic  acid, 
so  its  tissue  will  become  more  solid  than  the  shady  side,  and  there- 
fore elongate  less  rapidly ;  and  the  stem  or  branch  will  conse- 
quently bend  towards  the  light.  But  when  the  1i^  is  equally  dif- 
fused around  a  plant,  the  decomposition  nf  carbonic  acid  will  take 
place  uniformly  on  all  sides,  and  the  perpendicular  direction  netu- 
rally  be  maintained.  The  insufficiency  of  this  explanation  is  shown 
by  the  fact,  that,  when  a  stem  so  curved  is  split  through,  the  con- 
cave side  curves  more  than  before,  while  the  convex  side  springs 
back  into  the  upright  position.  Moreover,4he  decomposition  of  car- 
bonic acid  is  effected  chiefly  under  the  influence  of  the  yellow  rays, 
end  the  curvature  of  green  sterna  by  the  blue  (652').  The  same 
letaliM)  of  upward-growing  oigans  to  light  regulates  the  dispoei- 
tioD  of  branches  and  branchlets,  which  are  invariably  so  arranged 
aa  to  have  the  greatest  possible  exposure  to  the  light ;  the  upper- 
most branches  of  a  tree  growing  nearly  erect,  those  beneath  ex- 
tending  more  horizontally  udUl  they  reach  beyond  their  shade, 
when  they  curve  upwards  (unless  too  slender  to  support  their  own 
weight,  as  in  the  Weeping  Willow),  and  the  lower  being  still  more 
divergent,  or  even  turned  downwards,  when-  the  foliage  is  dense. 
Certain  drooping  branches,  however,  are  exceptions  to  this  rule, 
such  as  those  of  the  Weeping  Ash,  which  have  a  constitutional 
tendency  to  turn  downwards.  And  the  widely  different  positioOB 
assumed  by  the  branches  of  different  species  under  the  very  same 
external  influences,  show  that  the  directions  are  owing  to  differ- 
ences in  their  own  specific  oi^nization.  The  direct  action  of 
light  is  confined  to  the  green  parts  of  plants.  Where  the  surface 
has  lost  its  green  color,  branches  are  no  longer  affected  by  the 
light ;  and  those  which  creep  under  ground  beyond  its  influence 
( 173),  and  have  the  while  color  and  much  the  external  appearance 
of  roots,  show  little  upward  tendency  so  long  as  they  remain  in  this 
situation  *,  hut  whenever  their  extremities  are  exposed  to  the  light, 
they  first  acquire  a  green  hue  by  the  formation  of  chlorophyll,  and 
then  tend  to  assume  a  vertical  direction. 

6S'2.  The  principal  exception  to  the  rule  that  green  parts  turn  to 

the  light  is  that  of  certain  tendrils,  such  as  those  of  the  Vine  and 

the  Vii^nia  Creeper,  which  avoid  it,  although  of  a  green  color. 

This  has  been  said  to  be  the  case  in  tendrils  generally ;  but,  ac- 
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cording  to  Mohl,  maoy  turn  towards  the  light,  while  othen  appear 
iodtlferent  to  ila  influence. 

652'.  It  has  been  shown  both  bjr  Pa}'«r  and  Hacaire,  that  curra- 
ture  towards  the  light  is  produced  in  unequal  degrees  bjr  the  dif- 
ferent rays  of  the  spectrum,  and  this  independently  of  tbeir  illumi- 
nating power ;  the  blue  and  violet  rays  being  most  efficient,  tbc 
yellow  producing  little  eflect,  and  the  red  doiw  at  all.  There 
is  no  real  connection,  therefore,  between  this  phenomenon  and  dw 
evolution  of  oxygen  or  fixation  of  carbon,  which  does  not  lake 
place  under  blue  light. 

653.  In  leaves  it  is  the  denser  and  deeper  green  upper  surfac* 
(262)  that  is  presented  t«  the  light,  while  the  paler  lower  surfece, 
of  looser  tissue,  avoids  it,  like  a  rootlet-  The  recovery  of  the 
natural  position  when  the  leaf  is  artificially  reversed,  is  the  more 
promptly  effected  in  proportion  to  the  difference  in  structure  aod 
hue  between  the  two  strata.  This  movement  in  leaves  is  so  prompt, 
that  those  of  many  plants  follow  the  daily  course  of  the  sun.  The 
leaf  is  more  capable  of  executing  such  movements,  on  account  of 
its  extended  surface,  and  its  pliancy,  and  also  on  account  of  iU 
usual  attachment  by  an  articulation.  Hereihe  slender  vaaculai 
bundles  oppose  little  resistance  to  lateral  motion,  while  the  soft 
and  usually  cellular  enlargement  favors  it.  Indeed,  the  efficieat 
cause  of  the  movement  appears  to  be  exerted  here,  and  to  be  ctm- 
necied  with  the  unequal  tension  or  lurgescence  of  the  cells  on  lbs 
two  sides.  But  how  the  light  acts  in  producing  the  movement,  we 
are  wholly  ignorant.  One  of  the  most  striking  and  general  of 
these  changes  of  position  was  termed  by  Linnsus 

654.  The  81(^  of  Planta,  namely,  the  peculiar  position  which  the 
leaves  of  many  plants  assume,  either  apparently  drooping,  or 
folding  together  their  leaflets,  as  if  in  repose,  when  the  stimulus 
of  light  is  removed.  This  is  well  seen  in  the  foliage  of  the 
Locust  and  of  most  Leguminous  plants,  and  in  those  of  Oxalis,  or 
Wood-Sorrel.  It  is  most  striking  in  the  leaflets  of  compound 
leaves.  Their  nocturnal  position  is  various  in  different  species, 
but  uniform  in  the  same  species,  showing  that  the  phenomenon  is 
not  mechanical.  Nor  is  it  a  passive  state,  for,  instead  of  drooping 
as  if  by  their  own  weight,  the  leaflets  are  more  commonly  turned 
upwards  or  forwards,  contrary  to  the  position  into  which  theji 
would  fall  from  their  own  weight  De  Candolle  found  that  most 
plants  could  be  made  to  acknowledge  an  artificial  day  and  nigbl, 


,y  Google 


THB  8LSBP  OF  PLAHTS.  S51 

by  keeping  them  in  daricneaB  during  die  day,  and  by  illuniinaling 
ibein  with  candles  at  night.  The  sensibility  to  light  appeara  to 
reside  in  the  petiole,  and  not  in  the  blade  of  the  leaf  or  leaflet : 
for  these  movements  are  similarly  executed,  when  nearly  tbo 
whole  surface  of  the  latter  is  cut  away. 

655.  The  leaves  of  the  blossom  also  anume  various  portions, 
lecording  to  the  iatenaity  and  duration  of  the  light.  Many  expand 
their  blossoms  in  the  morniag  end  close  them  towards  evening, 
never  to  be  opened  again,  as  those  of  Cistus  and  of  many  Portula- 
caceous  plants;  while  othera,  like  the  Crocus, dose  when  the  sun 
is  withdrawn,  but  expand  again  the  following  morning.  On  the 
•iber  band,  the  Evening  Primroae,  Silene  noctiflore,  &c.  unfold 
ibeir  petals  at  twilight,  and  close  at  sunrise.  The  White  Watei^ 
Lily  (Nympheea)  expands  in  the  full  light  of  day,  but  uniformly 
doeea  near  the  middle  of  (he  afternoon,  and  is  then  usually  with- 
drawn beneath  the  surface  of  the  water.  The  Homing-Glory 
opens  at  the  dawn  ;  the  Lettuce  and  most  Gichoraceoui  plants,  a 
tew  hours  later ;  the  Mirabilis,  or  Four-o'clock  plant,  nearly  at 
Ibat  hour  in  the  afternoon,  &c.  Berthelot  mentions  an  Acacia  at 
Tmeri&e,  whoae  leaflets  regulariy  close  at  sunset  and  unfold  at 
sunrise,  while  its  flowers  close  qt  sunrise  and  unfold  at  sunset.* 

655'.  Although  these  movements,  both  in  leaves  and  bloesoms, 
»e  uodonbtedly  dependent  on  the  light,  they  are  by  no  means  di- 
rectly governed  by  it  The  sleep  of  the  common  Sensitive  Plant, 
for  iostaDce,  begins  just  before  sunset,  but  its  waking  frequently 
precedes  the  dawn  of  day.  No  mere  physical  action  of  the  light 
or  other  external  agent,  therefore,  can  be  made  really  to  account 
for  such  movements,  any  more  than  in  the  analogous  cases  of 

656.  lareBtRh  fnn  InitaltM.  The  leaflets  of  numerous  Le- 
gnminous  plants,  especially  of  the  Mimosa  tribe,  when  rougltly 
unicbed,  Bsaume  their  peculiar  nocturnal  position,  or  one  tike  it,  by 
a  visible  and  sometimes  a  rapid  movement.     The  Sensitive  Plant 

*  The  odors  of  Bowers,  also,  are  lomednies  given  off  conCianollj,  ss  in  the 
Onnge  snd  die  Violet,  or  else  tbtj  nearly  lose  their  frsfrence  doriag  the  heu 
.  sf  niddaj,  ■■  in  most  cases ;  while  othen,  such  as  PelBisonism  triste,  Uesperii 
swiii,  aai  most  dingy  Sowers,  whicb  an  almost  scentless  during  the  dav,  ex- 
hsle  ■  powerfnl  fragraoce  nt  night.  The  night-flowering  Cereni  grandiHoros 
emiu  tu  powerful  fragrance  at  inlerrsls;  indden  cmsaationg  of  odor  being 
gixn  off  sboDt  every  qnarter  of  an  honr,  daring  the  brief  period  of  the  expan- 
^oa  rf  tbe  flower. 
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of  the  gRrdens  (Mimosa  pudica)  is  a  familiar  instance  of  the  kind, 
■uddenly  depreBsiag  its  leaflets  upon  the  secondary  petioles  (Hi  being 
touched  or  jarred,  and  applying  them  one  over  the  other  upon  the 
secondary  petiole ;  if  more  strongly  irritaletl,  the  secondary  petioiea 
also  bend  forward  and  approach  each  other,  and  the  general  ped* 
ole  itself  sinks  by  a  bending  at  the  articulatim  with  the  stem. 
Similar  but  less  vivid  irritability  is  shown  by  the  Mimosa  strigiltoaa 
and  the  Schmnkia  of  the  Southero  States,  where  the  leaflets  prompt- 
ly fold  up  when  brushed  with  the  hood.  The  most  remarkable  in- 
stance of  the  kind,  however,  is  presented  by  another  oative  plant 
of  the  United  States,  the  Dioniea  muscipula,  or  Venus^s  Fly-tnp 
(Fig.  228)  -,  in  which  the  touch  even  of  an  insect,  ali^tiog  upoa 
the  upper  surface  of  the  outspread  lamina,  causes  its  sides  to  close 
suddenly,  the  strong  bristles  of  the  marginal  fringe  crossing  each 
other  like  the  teeth  of  a  steel-irap,  and  the  two  surfaces  presung 
together  with  considerable  force,  so  as  to  retain,  if  not  to  destroy, 
the  intruder,  whose  struggles  only  increase  the  pressure  which  this 
animated  trap  exerts.  This  most  extmordinary  plant  abounds  in 
the  damp,  sandy  savannas  io  the  neighborhood  of  Cape  Fear 
Kiver,  from  Wilmington  to  Fayetteville,  North  Carolina,  where  it 
is  exceedingly  abundant ;  but  it  is  not  elsewhere  found. 

657.  A  familiar,  although  lesl  striking,  instance  of  the  same 
kind  is  seen  in  the  stamens  of  the  common  Bariwrry,  which  are  so 
excitable,  that  the  filament  approaches  the  pistil  with  a  sudden 
jerk,  when  touched  with  a  point,  or  brushed  by  an  insect,  near  the 
base  on  the  inner  side.  The  object  of  this  motion  seems  plainly 
to  be  the  disiodgement  of  the  pollen  from  the  cells  of  the  anther, 
and  its  projection  upon  the  stigma.  But  in  the  Dionma  it  is  diffi- 
cult to  conceive  what  end  is  subserved  by  the  capture  of  insects. 
In  a  species  of  Slylidium  of  New  Holland,  not  uncommon  in  con- 
servatories, the  column,  consisting  of  the  united  stamens  and  styles, 
is  bent  over  to  one  side  of  the  corolla ;  but  if  slightly  irritated,  it 
instantly  springs  over  to  the  opposite  side  of  the  flower. 

657'.  Anatomical  investigation  brings  to  view  no  peculiar  struc- 
ture of  parts  in  these  cases ;  except  that  the  abundant  parenchyma 
at  the  articulation,  where  the  movement  is  effected,  is  found  to  be 
in  a  state  of  unusual  turgescence,  and  its  cells  are  compressed  in 
the  direction  of  the  longitudinal  siis  of  the  joint :  a  small  piece  cut 
out  suddenly  expands  about  one  fifth  in  size,  as  if  the  vascular  bun- 
dle were  too  short  for  the  parenchyma.    Consequently,  if  a  portion 
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of  the  parenchyma  be  cut  away  down  to  the  vascular  bundle  on 
one  aide  of  the  joint,  in  the  Sensitive  Plant,  the  leaflet  or  stalk  is 
jnunedialely  pushed  to  that  side  by  the  expansion  of  the  tissue  of 
the  opposite  side,  which  has  now  lost  its  antagonist  The  irrita- 
bility in  the  Sensitive  Plant  principally  resides  in  the  under  side  of 
the  j<nnts,  wlrich  become  concave  in  the  motion ;  but  the  irritation 
of  other  parlB  is  promptly  propagated  to  the  seat  of  motiotL  How 
the  irritation  brings  about  the  movement  is  unknown. 

6&6.  Some  other  movements,  which  have  been  likened  to  these, 
ate  entirely  mechanical  in  their  nature ;  as  that  of  Kalmia,  or 
Sheep  Laurel,  where  the  ten  anthers  are  in  the  bud  received  into 
u  many  pouches  of  the  monopetalous  corolla,  and,  being  retained 
by  a  glutinous  exudation,  are  carried  outwards  and  downwards 
when  the  corolla  expands.  In  this  way  the  slender  filaments  are 
MroDgly  recurved,  like  so  many  springs,  until  the  anthers  open, 
and  the  pollen  absorbs  the  glutinous  matter  that  confines  them,  when 
flwy  fly  upwards  elastically,  throwing  the  pollen  in  the  direction  of 
the  stigma.  The  elastic  dehiscence  of  the  Balsam,  or  Touch-me-' 
not  (Impatiens),  and  the  bursting  of  similar  fruits,  are  also  due  to 
the  great  turgescence  of  (he  cells  of  the  outer  layer,  and  are 
therefore  wholly  mechanical. 

658'.  The  twining  of  stems  round  a  support  and  the  coiling  of 
tendrils  are  nttribuied  by  Mohl  to  a  dull  irritability ;  and  this  is  the 
most  plausible  explanation  that  has  been  offered.  The  inner  side, 
which  becomes  concave  and  has  smaller  cells,  is  in  this,  as  in 
other  cases,  the  irritable  portion.  When  a  foreign  body,  such  as 
B  stem,  is  reached,  a  contraction  of  this  side  causes  the  tendril  par> 
tially  to  embrace  the  support :  this  brings  the  portion  just  above 
into  contact  with  it,  which  is  in  like  manner  stimulated  to  the  curv< 
ing  movement,  and  so  the  hold  is  secured ;  or  in  a  twining  stem  the 
growing  organ  continues  to  wind  around  the  support  In  tondrila 
this  irritability,  propagated  downward  along  the  concave  side, 
causes  its  contraction  (or  more  probably  the  increased  turges- 
cence of  the  opposite  side),  which  throws  the  whole  into  a  spiral 
coil,  and  brings  the  growing  stem  nearer  to  llie  supporting  body. 

659.  Intomntic  Morcoieilts.  A  few  plants  are  known  which  exe- 
cute brisk  and  repeated  movements  irrespective  of  extraneous 
excitation,  and  which,  indeed,  are  arrested  by  the  touch.  An  in- 
stance of  such  spontaneous  and  continued  motion,  of  the  most  re- 
markable kind,  is  furnished  by  the  trifoliate  leaves  of  Desmodium 
30» 


,y  Google 


354 


SPOHTIHBOVS  MOVUiniTS  IH   PL1IIT8. 


gyreiu,  an  East  lodiao  Leguminous  plant.  The  terminal  leaflet 
does  not  move,  eccept  to  change  from  the  diuntal  to  the  noctunuJ 
position,  and  the  coatrary ;  but  the  lateral  ones  are  contioually  ris- 
ing and  falling,  both  day  and  night,  by  a  succession  of  liole  jerks, 
like  the  second-hand  of  a  time-lieeper;  the  one  rising  while  die 
other  foils.  Exposure  to  cold,  or  cold  water  poured  upon  the 
plant,  stops  the  motion,  which  is  immediately  renewed  by  wanndk 
The  late  Dr.  Baldwin  of  Georgia  is  said  by  Nuttall  to  have  wi^ 
nessed  the  same  thing  in  Desmodium  cuspidatum  I  In  several 
tropical  Orcliideous  plants,  and  especially  in  a  species  of  Mega- 
clinium,  one  of  the  petals  executes  simibr  and  perfectly  spon* 
taneous  auiomatic   move- 

660.  Fnc  HOTOKIltl  tf 
the  Spom  of  Algn.  Tbo 
spores  of  many  of  the 
lower  Atgse  aie  now 
known  to  exhibit  a  peculiar 
active  state  at  the  time  of 
their  dischai^  from  the 
parent  cell,  when,  for  some 
moments,  or  usually  for 
several  hours,  they  behave 
like  infuaory  animals,  ez> 
ecuting  free,  and  to  all 
appearance  spontaneous, 
movements  in  the  water, 

fBB      NM     V  /         \  /         '"'^'    ^^^  ^'^   about  to 
nV      ^7        )  I  I  (  germinate.    This  singular 

V  U  ^^  JA^.  movement  was  first  detect- 
in  m  m  ot  m  ^j^  many  years  ago,  in 
Vaucheria.  In  Fig.  71  (p.  67)  we  see  the  manner  in  which  the 
apore  is  formed ;  and  in  Fig,  72,  the  mode  in  which  it  is  discharged : 
also,  on  a  larger  scale,  in  Pig.  467.  It  at  once  begins  to  move  freely 
in  the  water,  and  continues  to  do  so  for  some  hours,  when  it  fixes  it 


FIG.  467.  FraWiiiM>dof»plintofV«ncheri»g«oitn«u(iiftBtThu™i};  OMoflbe  braucta 
mil  cflDUtDlni  iu  ■!»«.  488,  Moiing  •pon  JM  tmafB\  fn™  Um  tpei  of  iba  Mbei  bnoeli; 
ibacinuTippuiLuaiHnartr  tha  wholsiurftce.    46a.  ^»n  Ingmnlniiliiii. 

Fro.  470-473,  Suc««l'B  nip«  In  iho  germlnilloB  of  Cnnfcm  iwiiau.  474.  Thej^t 
4ai<lo|BdlauiHrinorHll(,  fouroT  vhicbdliplsr  Uh  mixtmltttUft  In  Iba  fcnmtloa  nf  i 
•pon.  476.  Til*  iDComoUTt  apon  wllh  lla  TtbnUIe  cllti  (uptad  from  ThuraU.  Wbcn  Iba 
I,  ud  <l  baf  Ina  u>  (annlula,  ll  *)4K4n  u  In  470. 
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nlf  and  begim  to  grow  (Fig.  469).  Its  movemeDta,  moreover,  like 
those  of  the  anlheridial  filameats  or  corpuscules  {646'],  may  be 
eofeebled  or  arrested  by  the  application  of  a  weak  BDlutioii  of  opi- 
am  or  of  chloroform.  Through  these  meana  it  has  been  ascer- 
IWDed  that  they  are  caused  by  the  vibrationa  of  minute  cilia  which 
corer  the  surface,  which  are  rendered  visible  by  thus  enfeebliog 
Ibeir  movement,  and  which  exhibit  the  cloeest  resemblance  to  tbe 
vitiratile  cilia  of  aaimals,  eapecially  thoee  of  the  polygasiric  animal- 
cnleal  In  Conferva  vesicaiathe  vibralile  cilia  occupy  one  end  of 
the  spore  (Fig.  475).  la  other  species  tbey  are  likewise  rostricted 
to  some  part  of  the  surface,  and  aro  only  two  or  throe  in  number. 

661.  In  Oaciltaria  (Fig.  66,  p.  66)  the  fully  developed  plant 
exhibits  occasional  writhing  movements,  so  well  marked  that  the 
vegetable  character  of  the  genus  was  long  questioned.  The  Clos* 
teria  (Fig.  77)  and  other  minute  Desmidiaceous  plants  exhibit  oc- 
cuional  well-maiiied  sponlaneoua  movements  of  translation :  and 
(be  nearly  allied  Diatomaceffi  —  the  lowest  and  most  ambiguous  of 
plants  —  were  long  referred  to  the  animal  kingdom,  on  account 
of  the  motions  they  exhibit  The  lowest  tribe  of  plants,  in  this 
OS  in  other  respects,  makes  the  closest  approach  to  the  lowest 
tribes  of  animals. 

663.  Not  only,  therefore,  do  many,  if  not  all,  plants  manifest 
irapreanbility  or  tetuiliveneii  \o  external  agents,  and  more  or  less 
decided,  though  slow,  movements ;  but  many  species  of  the  higher 
grades  exhibit  certain  vivid  motions,  either  spontaueous  or  auto- 
matic, or  in  consequence  of  extraneous  irritation  ;  while  tite  lowest 
tribes  of  aquatic  plants,  as  they  diminish  in  size  and  in  complex- 
ity of  organization,  habitually  exhibit,  at  some  period  of  theif 
lives  at  least,  varied  spontaneous  movements,  that  we  are  unable 
to  distinguish  in  character  from  those  of  the  lowest  animals  (16) 
which  are  likewise  made  by  cilia. 

663.  When  we  consider  that  the  excitability  of  sensitive  plants 
is  often  transmitted,  as  if  by  a  sort  of  sympathy,  from  one  part  to 
another;  that  it  is  soon  exhausted  by  repeated  excitation  (as  is 
certainly  the  case  in  Diontea,  the  Sensitive  Plant,  &c.),  and  is  only 
renewed  after  a  period  of  repose ;  that  all  plants  require  a  season 
of  repose;  that  they  evolve  heat  under  special  circumstances  (372 
-374);  that,  as  if  by  a  kind  of  instinct,  the  various  organs  of  the 
vegetable  assume  the  positions  or  the  directions  most  favorable  to 
tbe  proper  exercise  of  their  functions  and  the  supply  of  their  wants, 
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tolh'»eDd  ■unnouadngiDterreniDg  obstacles;— when  we  consid- 
er ID  tbia  cooneotion  the  still  more  striking  cases  of  spootaoeoua 
motion  that  the  lower  AIgn  exhibit ;  and  that  all  these  molioos  are 
arreated  by  narcotics,  or  other  poisons,  —  the  narcotic  and  acrid 
poisoas  even  producing  effects  upon  vegetables  recqiectively  analo- 
gous to  their  different  effects  upon  the  animal  economy ;  —  we  can 
hardly  avoid  attributing  to  plants  a  lentibilUy  and  a  power  of 
"  making  movements  tending  to  a  determinate  end,*'  not  different 
in  nature,  perhaps,  from  those  of  tbe  lowest  animals.  Probably 
the  vitalitg  is  essentially  the  same  in  the  two  kingdoms ;  and  to 
this,  faculties  are  superadded  in  the  lower  animals,  some  of  which 
are  here  and  there  not  indistmctly  foreshadowed  in  plants. 

664.  Finally,  if  called  upon  to  define  a  plant,  or  draw  the  tine 
between  the  animal  and  the  vegetable  kingdoms,  we  can  only  say, 
—  I.  That  plants  alone,  under  the  solar  influence,  create  organic 
matter  from  inorganic  materials,  and  alone  live,  or  are  capable  of 
living,  by  direct  aggression  upon  the  mineral  world.  Consequent- 
ly, they  atone  decompose  carbonic  acid,  and  render  free  oxygen 
gas  to  the  atmosphere  (Chap.  VI.) :  the  action  of  animals  upon  tlie 
air  is  uniformly  and  continually  the  reverse.  2.  In  its  structure, 
a  plant  may  be  reduced  to  a  single  simple  vesicle  of  cellular  tissue 
(94),  containing  chlorophyll,  or  its  equivalent  But  a  developed 
animal  of  the  lowest  grade  has  a  more  complex  structure :  from 
the  necessity  of  the  case  it  possesses  a  mouth  and  a  stomach- 
Indeed,  we  have  reason  to  believe  that  the  polygastric  animacules 
are  considerably  complicated  in  structure.  3.  As  to  chemical 
composition,  the  tissue  of  plants,  or  the  material  of. which  the  fab- 
ric is  constructed,  is  a  neutral  ternary  product  (37,  347),  com- 
posed of  carbon,  hydrogen,  and  oxygen.  Although  the  plant  ne- 
cessarily contains  and  produces  the  quaternary  organic  products, 
these  do  not  enter  into  the  composition  of  its  permanent  fabric 
The  animal  tissue,  on  the  contrary,  is  directly  compo6ed  of  neutral 
quaternary  products,  consisting  of  carbon,  hydrogen,  oxygen,  and 
nitrogen.*  Although  such  distinctions  as  these  are,  in  all  probabil- 
ity, absolute,  yet  it  is  often  difficult,  and  frequently,  perhaps,  im- 
possible, to  apply  them  to  the  actual  discrimination  of  tbe  lower 
plants  from  the  lower  animals. 

*  To  th]*,  indeed,  on  exception  bM  been  Bnoonnced,  in  Uie  cue  of  wnnin 

Ifollnscs,  irhose  tUiue  ii  uid  to  be  ideatical  with  celloloae  1 
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SYSTEMATIC   BOTANY. 


665.  Wb  bave  now  to  contemplate  the  vefietable  creation  from 
B  different  point  of  view.  In  studying  the  Btructure  and  phynoU 
ogy  of  plants,  we  have  been  struck  with  the  countless  varietieB 
which  they  present,  —  the  almost  infinite  number  of  particular 
modes  or  forms  in  which  the  general  plan  of  vegetation  has  been 
worked  out,  as  it  were,  in  detail.  The  vegetable  kingdom,  that  is, 
vegetation  taken  as  a  great  whole,  presents  to  our  view  an  im< 
mense  number  of  difierent  kinds  or  sorts  of  plants,  more  or  lesa 
resembling  each  other,  more  or  less  nearly  related  to  each  other. 
It  is  the  object  of  Systematic  Botany  to  consider  them  in  respect  to 
tbeae  resemblances  and  differences, —  to  contemplate  the  relations 
which  the  individual  members  of  the  great  whole  sustain  to  eacb 
other  (5,  6).  in  this  view,  the  botanist  classifies  them,  so  as  to 
exhibit  their  relationships,  or  points  of  resemblance,  arranges  them 
in  an  orderly  manner,  designates  them  by  proper  names,  and  dis- 
tinguishes them  by  clear  and  precise  descriptions ;  so  that  the  name 
and  place  in  the  system,  the  known  properties,  and  the  whole  his- 
tory of  any  given  plant,  may  be  readily  and  surely  obtained  by  the 
learner. 


CHAPTER 


OP   CLASSIFICATION   ANO    ITS    PRINCIPLES. 

666.  Indiridotll.    The  vegetables  with  which  the  earth  is  adorned 
are   presented  to  our  view  as  Ihditiddals  only,  more  or  less 
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resembling,  or  difTering  from,  each  other.  Among  these,  some 
are  so  essentially  alike,  that  we  involuntarily  apply  to  them  the 
same  name.  A  field  of  Wheat  is  filled  with  similar  individuals, 
which  we  can  separate,  but  cannot  dulingwUk.  Or,  although  it 
be  possible  to  distinguish  separate  individuals,  from  any  peculiarity 
of  size,  ice.,  we  still  inevitably  associate  them,  as  being  much 
more  like  each  other  than  like  any  surrounding  forms,  —  so  like, 
that  we  view  the  difierence  as  an  accidental  circumstance.  Fur- 
thermore, the  Wheat  tUlert,  that  is,  branches  from  the  ground, 
and  shoots  forth  a  number  of  stalks  from  the  same  root,  — stalks 
which  are  separable,  or  separate  spontaneously,  from  the  primaiy 
one.  So,  also,  the  branches  of  trees,  which  may  grow  indefinitely 
as  a  part  of  an  original  tree  (148),  become,  when  detached  and 
planted  by  themselves  in  the  soil,  independent,  but  perfectly  similar 
individuals  (167,  239).  Probably  all  the  Weeping  Willows,  or 
Lombardy  Poplars,  of  this  country  have  sprung  in  this  way  from  a 
single  shoot.  The  grain  of  wheat,  also,  will  reproduce  similar 
individuals,  and  none  other.  Now,  upon  such  universal  and  inev- 
itable conceptions  as  these  rests  the  idea  of 

667.  Spetln.  We  mentally  assemble,  under  this  name,  those 
individuals  which  we  observe  or  judge  to  have  arisen  from  one 
parent  stock,  or  which,  although  met  with  widely  dissociated,  re- 
semble each  other  so  closely  that  we  infer  them  to  have  had  a 
common  parentage.  A  Spbcies  we  have  already  defined  (14)  to 
be,  abstractly,  the  tppe  or  original  of  each  sort  of  plant,  or  animal, 
thus  represented  in  time  by  a  perennial  succession  of  like  individ- 
nals,  or,  concretely,  the  sum  of  such  individuals.  It  embraces  all 
those  individuals  which,  slightly  differing,  perhaps,  in  size,  color,  or 
such  unimportant  respects,  resemble  each  other  more  nearly  than 
they  resemble  any  other  plants,  so  that  we  infer  them  to  have 
sprung  from  a  common  original  stock,  and  which  preserve  their 
characters  unchanged  when  propagated  by  seed.  All  classifica- 
tion and  system  in  natural  history  rests  upon  the  fundamental  idea 
of  the  original  creation  of  certain  forms,  which  have  naturally  been 
perpetuated  unchanged,  or  with  such  changes  only  as  we  may 
conceive  or  prove  to  have  arisen  from  varying  physical  influences, 
accidental  circumstances,  or  from  cultivation.  Whether  the  origi- 
nal stock  consisted  of  one  individual  or  pair,  or  of  numerous  indi- 
viduals, is  not  material  to  the  view.  (On  the  latter  supposition, 
however,  we  can  readily  jferceive  that  certain  varioiet  or  raeet 
may  have  been  aboriginal.) 
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668.  Tvktin.  -  This  fraternal  resemblance,  or  specific  identity, 
however,  is  not  incompatible  with  individual  peculiarity.  If  two 
seeds  from  the  same  pod  are  sown  in  different  soils,  and  submitted 
to  different  conditions  as  respects  beat,  light,  and  moisture,  the 
plants  that  apriug  from  them  will  show  marks  of  this  different 
IreainieDt  in  their  appearance.  Such  differences  are  continually 
arising  in  the  natural  course  of  thiogs.  To  produce  aud  increase, 
and  by  artificial  management  to  perpetuate,  differences  of  this  sort, 
Torras  an  important  part  of  the  art  of  cultivatioD.  These  minor  de- 
Tiations,  not  incompatible  with  the  idea  of  a  common  origin,  con- 
stitute Vabietibs.  Whenever  the  conditions  that  give  rise  to  vari- 
eties are  carried  to  excess,  these  individuals  fail  to  fructify,  or 
perish.  When  the  conditions  vary  less  widely  from  those  most 
propitious  to  the  constitution  of  the  particular  species,  a  few  years 
or  a  few  generations  may  suffice  to  bring  the  variety  back  to  the 
origioal  form,  la  either  case,  the  variation  is  transient.  It  must 
either  return  to  the  common  character  of  the  species,  or  perish. 
A  certain  flexibility  is  allowable ;  but  accidental  and  individual 
TBriatioas  tend  to  disappear  with  the  causes  which  originate  them, 
or  are  destroyed  by  the  continued  operation  of  those  causes. 

669.  To  this  there  is  one  class  of  exceptions,  which  is  exceed- 
bgly  common  in  domesticated  plants ;  where  the  habit,  once  e8> 
lablished,  outlasts  the  cause,  and  continues  throughout  the  life  of 
the  iodividual.  The  new  buds  and  branches  partake  of  the  pecu- 
liarity, and  the  variety  may  consequently  be  perpetuated  by  cut- 
tings, graRa,  &c. ;  as  is  the  case  with  our  Apples,  Pears,  &c.  But 
this  tendency  does  not  inhere  in  the  seed. 

670.  Bates.  There  is  still  another  and  more  strongly  marked 
kind  of  variety,  —  though  unknown,  perhaps,  in  a  perfectly  wild 
Slate,  —  in  which  the  characteristics  are  transmissible  by  seed. 
I^icular  varieties  of  Peas,  Radishes,  Lettuce,  6lc.,  are  thus  per- 
petoaied  in  our  gardens ;  and  Id  agriculture,  various  sorts  of  graia 
have  thus  been  preserved  from  time  immemorial.  They  have  re* 
ceived  the  name  of  Race*.  It  is  not  known  how  they  originate. 
Tbey  start  up,  as  it  were,  accidentally,  from  time  to  time,  in  culti- 
vated plants.  The  cultivator  selects  the  most  promising  sorts,  or 
"  sports,"  for  preservation,  leaving  the  othere  to  their  fate.  By 
peculiar  care  he  developes  and  strengthens  the  tendency  to  become 
hereditary,  and  renders  it  paramount  (under  the  circumstances  and 
cooditioos  of  cultivation)  to  that  stronger  natural  tendency  to  le* 
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version  to  the  primitire  typo,  nad  so  socares  his  particular  and. 
The  races  of  Com,  Wheat,  &c.,  which  now  preserve  their  charac- 
ter uochanged,  have  become  fixed  bjr  ceDturies  of  doniesticatioft. 
Even  these,  at  times,  manifest  an  uoequivocal  disposition  to  return 
to  their  aboriginal  slate.  Were  cultivation  to  cease,  they  would  all 
speedily  disappear;  the  greater  part,  perhaps,  would  perish  out* 
right ;  the  remainder  would  revert,  in  a  few  generations  of  sponta- 
neous growth,  to  the  character  of  the  primitive  stock. 

671.  flybridi  or  CrOU-Breedl.  Variations  of  a  still  different  class 
are  artificially,  aad  sometimes  spontaneously,  produced,  by  fertiliz- 
ing the  ovary  of  one  plant  with  the  pollen  of  a  nearly  allied  spe- 
cies ;  from  which  arise  what  are  called  Crott-breedt,  or  Hghridt. 
Crosses  between  diSerent  species,  however,  are  almost  always  in- 
capable of  producing  fertile  seed,  and  therefore  are  not  perpetu- 
ated ID  nature  :  those  between  distinct  varieties  of  (he  same  spe- 
cies are  usually  fertile,  and  give  rise  to  new  sets  of  varieties  (also 
termed  Races),  in  which  the  particular  qualities  of  their  immediate 
parents  are  variously  modified  or  blended ;  but  which,  by  a  contin- 
uation of  the  same  influences,  revert  to  one  or  the  other  parent 
stock. 

672.  Ocnen.  If  but  a  moderate  number  of  species  were  known, 
no  s^em  of  generalizing,  or  arranging  them  in  groups,  wogid  be 
necessary  for  ordinary  purposes;  though  a  consideration  of  the 
various  degrees  of  resemblance  between  diflerent  species  could  not 
fail  to  suggest  some  form  of  generalization,  like  that  which  the 
great  number  of  species  early  rendered  necessary.  The  first  step 
iu  proper  classification,  the  bringing  together  of  species  into  kinds, 
according  as  they  are  seen  to  resemble  each  other,  is  almost  as 
natural  and  inevitable  an  operation  of  the  mind,  as  is  the  idea  of 
species  involuntarily  deduced  from  the  assemblage  of  like  individ- 
usls.  The  generic  association,  however,  implies  only  resemblance, 
or  similarity  of  kind,  not  identity  of  origin.  A  Genus,  therefora, 
is  an  assemblage  of  nearly  related  species,  formed  after  the  same 
pattern,  and  therefore  agreeing  with  one  another  in  general  struc- 
ture and  appearance.  Thus,  the  wild  Swamp  Rose,  the  Sweet- 
brier,  the  Dog  Rose,  French  Rose,  Cinnamon  Rose,  and  others, 
constitute  the  uuiversally  recognized  genus  Rosa ;  the  various  spe- 
cies of  Raspberry  and  Blackberry  compose  the  genus  Rubus ;  the 
Apple,  Pear,  &.c.  form  the  genus  called  by  botanists  Pynjs :  so 
the  different  Oaks,  Willows,  Poplars,  Birches,  &ui.  form  as  many 
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aepanite  genera.  The  languages  of  the  moet  barbarous  people 
show  that  they  have  formed  such  associations.  Naturalists  merely 
give  to  these  generalizations  a  greater  degree  of  precision,  and 
endeavor  to  indicate  what  the  points  of  common  agreement  are. 
A  single  species,  also,  may  be  deemed  to  constitute  a  genus,  when 
its  peculiarities  aie  equivalent  in  degree  to  those  which  charac* 
terize  other  genera, — a  case  which  onen  occuis.  If  only  one 
species  of  Oak  were  known,  the  Oak  genus  would  have  been  as 
explicitly  recognized  as  it  is  now  that  the  species  amount  to  two 
hundred;  it  would  have  been  equally  distinguished  by  its  acorn 
and  cup  from  the  Chestnut,  Beech,  Hazel,  &c.  A  genus,  then,  is 
a  group  of  species  which  present  the  same  particular  plan,  and 
whose  mutual  resemblance  is  greater  than  that  of  any  ooe  of  them 
to  any  other  plant. 

673.  When  two  or  more  species  of  a  genus  resemble  each  other 
in  particular  points  more  nearly  than  they  do  the  other  species, 
intermediate  sections  are  oflen  recognized  ;  which,  when  marked 
t^  characters  of  considerable  importance,  receive  the  title  of 

StTBOENERA. 

674.  OnJtn  or  FunUieb  If  the  genera  were  few,  there  would  be 
little  necessity  for  higher  generalizations  ;  although  one  could  not 
but  remark  that  the  Oaks,  Chestnuts,  Beeches,  and  Hazels  have>a 
strong  common  resemblance,  or  family  likeness  ;  and  that  they  are 
more  unlike  Birches  and  Alders,  or  Walnuts  and  Hickories ;  that 
they  are  still  more  unlike  Maples  or  Ashes,  and  have  yet  fewer 
points  in  common  with  Pines  and  Firs.  But,  since  the  100,000 
species  of  known  plants  are  distributed  among  nearly  8,000  gen- 
era,  it  is  necessary  to  consider  these  family  resemblances,  for  the 
purpose  of  grouping  the  genera  into  still  higher,  and  therefore  few- 
er, groups ;  just  as  genera  are  formed  by  the  reunion  of  related 
species.  The  groups  thus  established  are  termed  Fahilibs,  or 
Ordbbs  (names  which  are  for  the  most  part  used  interchangeably 
b  botany).  Thus,  the  Rose,  the  Raspberry  and  Blackberry,  with 
the  Strawberry,  the  Apple,  the  Thorn,  the  Plum  and  Cherry,  &c., 
all  agreeing  in  their  general  plan  of  structure,  are  brought  together 
into  one  order  or  family,  and  termed  Rotacxa ;  that  is,  Rosaceous 
or  Rose-like  plants. 

675.  But,  viewed  subordinately,  the  Plum  and  Cherry  are  evi- 
dently more  nearly  akin  than  ihe  Cherry  and  Apple,  &c. ;  and  so 

■-    the  Raspberry,  Blackberry,  and  Strawberry  on  one  hand,  and  the 
31 


,y  Google 


869  CLASBITICATIOK. 

Apple  and  Thorn  an  the  other,  exhibit  a  closer  relationship  Aan 
that  which  connects  them  all  \a  ooe  common  f!roup.  Hence  they 
are  respectively  distinguished  into  groups  of  a  rank  intermediate 
t>etween  genera  and  orders,  which  are  Tariously  termed  Sdb- 
OKDEBB,  or  Tribes.* 

676.  GI&lM  are  groups  of  orders,  associated  in  a  similar  maiiDer 
from  some  higher  point  of  view.  Sdbglasses  bear  the  same  rela- 
tion to  classes  that  suborders  do  to  orders. 

677.  By  this  regular  subordiDation  of  groups,  the  various  degrees 
of  relationship  among  plants  may  be  expressed ;  and  upon  this  Sys- 
tematic Botany  essentially  depends.  Only  four  of  these  divisions 
are  universally  employed,  namely,  Glasses,  Orders,  Genera,  and 
Species:  these  are  common  to  all  methods  of  classification,  both 
in  the  animal  and  vegetable  kingdoms,  and  are  always  arranged 
in  the  same  sequence.  But  a  more  elaborate  analysis  ib  of\en 
requisite  on  account  of  the  large  number  of  objects  to  be  arranged, 
and  the  various  degrees  of  affinity  to  be  expressed ;  when  the  ad- 
ditional members,  and  if  need  be  several  others,  are  introduced ; 
as  in  the  following  descending  series,  beginning  with  the  primary 
division  of  natural  objects  injo  kingdoms,  and  indtcaiing  by  spiall 
capitals  those  of  fundamental  importance  and  univeiaal  use. 

KlHODOllS, 

Series, 

Classes, 
Subclasses, 

Ohdbrs,  or  Families, 
Suborders, 
Tribes, 
Subtribes, 
Gbneba, 

Subgenera, 
Species, 

Varieties. 

678.  Gbtrutcn.    An  enumeration  of  the  distinguishing  majte. 


*  Whee  the  groopi  wblcli  in  onler  embrmce*  sre  diitjngubbed  b;  chsnc- 
ten  of  nearif  equal  rslos  with  thou  commonlj  emplojed  for  onlen  tbeai' 
sbItm,  tbey  are  tennad  BnBOBDBRa.  Thm,  the  Plum,  Chnny,  Apricot, 
Peach,  Ac  form  oub  suborder  of  BoaaccE ;  tha  Baapberrj,  BlBckt>erT7, 
Stnwbeny,  Ciiiqaefoit,  wilh  the  Hoae  and  other  genera,  constituta  anorher 
inborder;  and  the  Apple,  the  Qnlace,  ThorD,  Ac,  a  third.    The  name  of 
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^or  points  of  diBereoce  betweeo  one  cIsm  or  order,  &c.  and  (he 
otbera,  is  termed  its  ckaraeter.  The  characters  of  the  clawea,  and 
other  primary  divisions,  embrace  only  those  important  points  of 
■tmcture  upon  which  they  are  constituted :  the  ordinal  ekaracltr 
descrihes  the  general  alructure  of  the  included  plants,  especially  of 
their  flowers  and  fruit :  the  generic  ekaraeter  points  out  the  partic- 
nlar  modifications  of  the  ordinal  structure  in  a  giren  genus ;  end 
the  tpecifie  ekaraeter,  those  less  important  modifications  of  form, 
relative  size  of  parts,  color,  dtc.,  which  serve  to  distinguish  kindred 
qiecies.  A  complete  system  of  Botany  will  therefore  comprise  a 
methodical  distribution  of  plants  accordlog  to  their  organization, 
with  their  characters  arranged  in  proper  subordination;  so  that 
the  investigation  of  any  one  particular  species  will  bring  to  view, 
not  only  its  name  (which  separately  considered  is  of  little  im- 
portanoe),  but  also  its  floral  structure,  affinities,  and  whole  natural 
history. 

679.  Such  a  system  must  of  course  be  naturaZ;  that  is,  the 
groups,  of  whatever  rank,  must  be  composed  of  plants  mora  cloae- 
ly  related  to  each  other  than  to  any  different  groups,  and  so  u- 
noged  that  each  shall  stand,  as  far  as  practicable,  next  to  those 
which  it  most  nearly  resembles  in  structure.  These  conditions 
are  so  far  fulfilled  by  the  Natural  System  (which,  sketched  by 
the  master-hand  of  Jussieu,  and  augmented  by  succeeding  bota- 
nists,  is  now  generally  adopted),  as  to  render  it  on  the  whole 
far  the  readiest,  as  well  as  the  only  philosophical  and  satisfac- 
tory, method  of  acquiring  any  considerable  amount  of  botanical 
knowledge. 

680.  But  the  ralatioDships  of  plants,  even  when  appreciated  by 
botanists,  could  not  be  made  available  for  the  purpose  of  classifi- 
cation, until  just  views  prevailed  in  vegetable  organography  and 
physiology,  which  constitute  the  very  foundation  of  Systematic 
Botany,  but  which  have  only  recently  been  placed  upon  a  philo- 
sophical basis.  Hence  the  immortal  LinnteuB,  finding  it  impossi- 
ble in  his  day  to  characterize  the  natural  groups  which  his  prac- 
tised eye  detected,  prepoeed,  as  a  temporary  substitute,  the  elegant 

TaiBB  u  applied  to  gronpi  camprlted  in  a  nibordgr  (tfaot  the  Bom  eonitiltitea 
s  Kpacste  tribe  from  ibe  Rupberrj,  StraiTben7,  &c),  or  to  ttie  primBrjr  di- 
Tiliolu  of  ui  order,  when  the;  are  not  founded  on  cliarBcten  of  high  impor- 
tiBee.  In  a  loose  ud  popnlsr  tenie,  the  mine  of  tritw  ii  toroeUmet  nsed  m  if 
iTBonjmoiu  with  that  of  Order  or  f  uniiy. 
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artiAcial  scheme  which  bears  his  name.  Aa  this  system  is  identi- 
fied with  (he  history  of  the  science,  which  in  its  time  it  so  greatly 
promoted,  and  as  most  systematic  works  have  until  recently  been 
arranged  upon  its  plan,  it  is  stitl  necessary  for  the  student  to  un- 
derstand iL  Fortunately,  its  principles  are  so  simple  that  a  brief 
space  will  amply  suffice  for  its  esplanatiou. 


CHAPTER     IL 

OP   THB    ARTIFICIAL   flTSTBH   OP    LINNfttS. 

661.  It  must  be  kept  in  mind,  that  an  artificial  scheme  does  not 
attempt  to  fulfil  all  the  conditions  of  natural  history  classification. 
Its  principal  object  is  to  furnish  an  easy  mode  of  ascertaining  the 
names  of  plants ;  their  relationships  being  only  so  far  expressed  as 
the  plan  of  the  scheme  admits.  All  higher  considerations  are  of 
course  sacrificed  to  facility.  In  the  Linntean  scheme,  the  species 
of  a  genus  are  always  kept  together,  whether  or  not  they  all  ac- 
cord with  the  class  or  order  under  which  they  are  placed.  Its 
lower  divisions,  therefore,  namely,  the  genera  and  species,  are  the 
same  as  in  a  natural  system.  But  the  genera  are  arranged  in  arti- 
ficial classes  and  orders,  founded  on  some  single  technical  charac- 
ter, and  have  no  necessary  agreement  in  any  other  respect ;  just 
as  words  are  alphabetically  arranged  in  a  dictionary,  for  the  sake 
of  convenience,  although  those  which  stand  next  each  other  have, 
it  may  be,  nothing  in  common  beyond  the  initial  letter. 

68S.  The  classes  and  orders  LinnEeus  founded  entirely  upon  the 
number,  situation,  and  connection  of  the  stamens  and  pistils ;  the 
office  and  importance  of  which  he  bad  just  set  in  a  clear  light. 

683.  The  classes,  twenty-four  in  number,  were  founded  upon 
modifications  of  the  stamens,  and  have  names  of  Greek  derivation 
expressive  of  their  character.  The  first  eleven  comprise  all  plants 
with  perfect  flowers,  and  a  definite  number  of  equal  and  uncon- 
nected stamens ;  they  are  distinguished  by  the  absolute  number  of 
these  organs,  and  are  designated  by  names  compounded  of  Greek 
numerals  and  the  word  andrui  (from  ii^p),  which  is  used  meta- 
phorically for  stamen  ;  as  follows :  — 
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Class  1.  HoMAitDUA  includes  all  such  plants  with  on«  stamen  to 
the  flower ;  as  in  Hippuris  (Fig.  703). 

2.  DiANDBii,  those  with  two  stamens,  as  in  the  Lilac. 

3.  Tbiandbia,  -with  three  stamens,  as  in  the  Valerian,  &c. 

(Fig.  764,  767). 

4.  Tbtbanbbu,  with  Tour  stamens,  as  in  the  Plantain  (Pig, 

831). 

5.  Pbmtahdbia,  with  five  stamens,  the  roost  frequent  ease 

(Pig.  256,  335). 

6.  Hbukubia,  with  six  stamens,  as  in  the  Lily  Family  (Fig. 

1108),  4cc. 

7.  Mbptaddbia,  with  seven  stamens,  as  in  dw  Horsechesl- 

Qut  (Fig.  657). 

8.  OcTAKDBiA,  with  eight  stamens,  as  in  the  Dirca  (Pig.  1009). 

9.  EKNBAKDaiA,  with  nine  stamens,  as  in  the  Rhubarh. 

10.  Decandbia,  with  ten  stameoB,  as  in  Fig.  285,  268. 

11.  DoDSCANDBiA,  with  twelve  stamens,  as  in  Asarum  (Fig. 

968)  and  the  Mignonette ;  extended  also  to  include 
those  with  from  thirteen  to  nineteen  atamens. 
The  two  succeeding  classes  include  plants  with  perfect  flowers, 
banDg  twenty  or  more  unconnected  stamens,  which,  in 

12.  IcosANDBii,  are  inserted  on  the  calyx  (perigynous,  466), 

as  in  the  Rose  Family ;  and  in 

13.  PoLTAHDBiA,  On  the  receptacle  (hypogynous),  as  in  the 

Buttercup,  Anemone  (Fig.  3S5),  &c. 
Their  essential  character  are  not  designated  by  their  names ; 
the  former  merely  denoting  that  the  stamens  are  twenty  in  num- 
ber; the  latter,  that  they  are  numerous.     The  two  following  de- 
pend  upon  the  relative  length  of  the  stamens,  namely, 

14.  DiDTHAHiA,  including  those  with  two  long  and  two  short 

stamens  (481,  Fig.  655) ;  tknd 

15.  TBTBADTHAHtA,  tbose  With  four  long  and  two  short  sta- 

mens,  as  in  Cruciferons  flowers  (Fig.  526). 
Their  names  are  Greek  deriratives,  signifying  in  the  former  thai 
two  stamens,  and  in  the  latter  that  four  stamens,  are  most  power- 
ful   The  four  succeeding  are  founded  on  the  connection  of  the 
stamens :  — 

16.  MoKADBLFHiA  (meaning  a  single  firaleinity),  with  the  fil- 

aments united  in  a  single  set,  tube,  or  column,  as  in 
Fig.  307,  and  in  aU  the  Mallow  Family,  Fig.  617. 
31* 
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Class  17.  DuDBLTHU  (two  fraternities),  with  the  filaments  united 
.     ia  two  seta  or  parcels  (Pig.  296,  306,  320). 
16.  PoLTAnEUHiA  (many  fraternities),  with  the  filaments 
united  in  more  than  two  aets  or  parcels  (Fig.  300,  306). 
19.  Stngbhbsia  (from  Greek  words  signfying  to  grow  to- 
gether), with  the  anthers  united  in  a  ring  or  tub* 
(Pig.  309,  310),  as  in  all  Composite  flowers. 
The  next  class,  as  its  name  denotes,  is  founded  on  the  union  of 
the  stamens  to  the  style  :  — 

30.  GntANDSiA,  with  the  stamens  and  styles  consolidated,  as 
in-lhe  Orchis  Family  (Fig.  1097). 
la  the  three  following,  the  atameDS  and  pistils  are  sepajated 
(306) :  thus, 

21.  MoKceciA  (one  houaehold)  includes  plants  where  the  sta- 
mens  and  pistils  are  in  separate  flowers  oa  the  same 
individual ;  as  in  the  Oak  (Fig.  1043),  &c. 
SS.  Dkecia  (two  households),  where  they  occupy  separate 
flowers  on  difierent  individuals ;  as  in  the  Willow  (Fig. 
326  -  328),  Prickly  Ash  (Fig.  639  -  644),  &c. 

33.  PoLTOAHiA,  where  the  stamens  and  pistils  are  separate  m 

some  flowers  and  united  in  others,  either  on  the  same, 
or  two  or  three  difierent  plants ;  as  in  most  Maples 
(Fig.  647-649). 
The  remaining  class, 

34.  Cktptoqahia,  is  said  to  have  concealed  stamens  and  pis- 

tils (as  the  name  imports),  and  includes  the  Pems, 
Hosaes,  Lichens,  &c.,  which  are   now  commonly 
termed  Cryplc^mous  or  Flowerless  plants  (459). 
The  characters  of  the  classes  may  be  presented  at  a  sin^ 
view,  as  id  the  subjoined  analyws :  — 
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684.  The  orders,  to  the  first  thirteen  cIuks  of  the  Liontean  ar- 
tificial sjrMem,  depend  on  the  number  of  styles,  or  of  the  stigmas 
when  the  styles  are  wanting;  and  are  named  by  Greek  numei«l« 
prefixed  to  the  word  ggnia^  used  metaphorically  for  pistil,  as 
follows :  — 

Order  I.  Monootmia  embraces  all  plants  of  any  of  the  first  thir- 
teen classes,  with  one  style  to  eacb  flower. 
3.  DiflTNiA  embrecea  those  with  two  styles. 

3.  Tbiqthii,  those  with  three  styles. 

4.  Tkiiaqykia,  those  with  four  styles. 
b.  Pkntaotnia,  thoee  with  five  styles. 

6.  HEZAGYniA,  those  with  six  styles. 

7.  Hefiaotnia,  those  with  seven  styles, 

5.  OcTOOTNiA,  those  with  eight  s^les. 
9.  EnHBAaYNiA,  those  with  nine  styles. 

10.  Dbcaoynia,  those  with  ten  styles. 

11.  DoDBCAGYMiA,  those  wlth  eleven  or  twelve  styles. 

12.  PoLYGYHtA,  those  with  more  than  twelve  styles. 
The  orders  of  class  14,  Didynamia,  are  only  two ;  namely, 

1.  Gyhnospebmia,  meaning  seeds  naked,  the  ochenia-like 

fruits  having  been  taken  for  naked  seeds. 

2.  Anoiospbbmia,  with  the  seeds  evidently  in  a  seed-vessel 

or  pericarp. 
The  15lh  class,  Tetradynamia,  is  also  divided  into  two  orders, 
which  are  distinguished  by  the  mere  form  of  the  pod :  — 

1.  SiLiGULOSA ;  the  fruit  a  silicle  (615),  or  short  pod. 

2.  SiLiquosA ;  fruit  a  silique  (615),  or  more  or  less  elon- 

gated pod. 

The  orders  of  the  16ih,  17th,  18th,  20th,  Slst,  and  22d  classes 
depend  merely  on  the  number  of  stamens ;  that  is,  on  the  charac- 
ters of  the  first  thirteen  classes,  whose  names  they  likewise  bear: 
thus. 

Order  1.  Hokandxia;  2.  Diandbia;  and  so  on. 

The  orders  of  the  19th  class,  Syngenesis,  are  six  ;  namely, 

1.  PoLTQiMiA  £QCALi3,  where  the  flowers  are  in  heads 

(compound,  394),  and  all  perfect 

2.  Polyoamia  BurBBFLDA,  the  same  as  the  last,  except  that 

the  rays,  or  marginal  flowers  of  the  head,  are  pistillaie 
only  (473). 
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3.  PoLTGAMU  FBCSTEAKKA,  thoBO  with  th«  DiBrgiDal  flowen 

neutral  (473,  Dote),  the  othen  perfect. 

4.  PoLTOAKiA  KECES3ARIA,  where  the  margind  flovera  are 

pistillate  and  fertile,  and  the  central  (those  of  the  disc) 
staminate  and  sterile. 
&.  PoLiGAMiA  8EOBEGATA,  where  each  flower  of  the  head  has 

its  own  proper  involucre. 

6.  MoNOOAUiA,  where  solitary  flowers  (that  is,  not  united  into 

a  head)  have  united  anthers,  as  in  Lohelia.     This 

order  was  abolished  by  succeeding  Luneean  botanists. 

The  23d  class,  Polygamia,  has  three  orders,  founded  on  the 

cbanctera  of  (he  two  preceding  classes ;  namely, 

1.  MoNtEciA,  where  both  separated  and  perfect  flowers  are 

found  in  the  same  individual. 
3.  DitECLA,  where  they  occupy  diSerent  individuals. 
3.  TsKECtA,  where  one  individual  bears  the  perfect,  another 
the  staminate,  and  a  third  the  pistillate  flowers. 
The  orders  of  the  24th  class,  Cryptogamia,  are  natural,  and 
ihwefore  indefinable  by  b  single  character.    They  are, 
1.  FiLicES,  the  Perns. 
3.  Musci,  the  Mosses. 

3.  Alg£,  which,  as  left  by  LinnEeus,  comprised  the  Hepaticte, 

Lichens,  &c.,  as  well  as  the  Seaweeds. 

4.  FaMGi,  Mushrooms,  &c. 


CHAPTER    III. 

OF   THE    NATURAL    8T8TBH. 

685.  The  object  proposed  by  the  Natural  System  of  Botany  is 
to  bring  together  into  groups  those  plants  which  most  nearly  re- 
temble  each  other,  not  in  a  single  and  peiiuips  unimportant  point 
(as  in  an  artificial  classification),  but  in  all  essential  particulars; 
and  to  combine  the  subordinate  groups  into  larger  natural  assem- 
Uages,  and  these  into  still  more  comprehensive  divisions,  so  as  to 
embrace  the  whole  vegetable  kingdom  in  a  methodical  arrange- 
menL    Ail  the  characters  which  plants  present,  that  is,  all  the 
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pdnts  of  agre«m«at  or  difference,  are  employed  in  their  claMifica- 
tion ;  those  which  are  common  to  the  greateat  number  of  plaola 
being  used  Tor  the  primary  grand  division! ;  those  le§s  compre- 
hensive for  subordinate  groups,  &c. ;  so  that  the  charaeUr  (678), 
or  description  of  each  group,  when  fully  given,  actually  expresses 
all  the  known  particulars  in  which  the  plants  it  embraces  agree 
among  themselves,  and  differ  from  other  groups  of  the  same  rank. 
This  complete  analysis  beiog  carried  through  the  system,  from  the 
primary  divisions  down  to  the  species,  it  is  evident  that  the  study 
of  a  single  plant  of  each  group  will  give  a  correct  general  idea  of 
the  structure,  habits,  and  even  the  sensible  properties,  of  the  whole. 

686.  What  we  call  a  natural  method,  it  may  here  be  remained, 
is  so  termed  merely  because  it  expresses  the  natural  relationship 
of  plants  as  far  as  practicable ;  for  every  form  yet  contrived,  or 
likely  to  be  devised,  is,  to  a  considerable  extent,  artificial:  — 
Ist  Because  the  affinities  of  a  particular  group  cannot  be  fully 
estimated  until  all  its  members  are  known  ;  and  thus  the  pn^resa 
of  discovery  leads  to  changes,  or  modifies  our  views,  as  in  every 
other  department  of  knowledge.  2d.  Because  the  boundaries  ot 
groups  are  not  so  arbitrarily  circumscribed  in  nature,  as  they  ne- 
cessarily are  in  our  classifications ;  but  individuals  depart  from  tba 
aswgoed  limits  in  various  directions  (like  rays  from  a  centre); 
the  "  edge  of  difibrence  being,  as  it  were,  softened  down  by  an 
easy  transition."  3d,  Because,  even  supposing  the  groups  to  be 
perfectly  natural,  and  their  affinities  completely  understood,  it  ia 
impossible  to  arrange  them  in  a  single  continuous  series,  in  such  a 
manner  that  each  shall  be  preceded  and  followed  by  its  nearest 
allies ;  since  the  same  family,  for  instance,  may  be  about  equally 
related  to  three  or  four  others,  only  two  of  which  points,  at  best, 
can  be  indicated  in  the  lineal  series,  which  must  be  adopted  in 
books.  And  4th.  We  are  still  obliged  to  use  avowedly  artificial 
characters,  for  the  sake  of  convenience  ;  as  in  the  arrangement  of 
the  numerous  orders  of  Exogenous  plants  into  the  Polypelalous, 
Monopetalous,  and  Apetalous  divisions  of  the  series,  although  dif- 
ferent genera  of  the  same  order,  or  different  species  of  the  same 
genus,  may  present  these  very  diversities. 

687.  In  explaining  the  general  principles  of  classification,  we 
proceeded  from  the  individual  to  the  class;  showing  how  groups 
of  successive  rank  arise  from  the  consideration  of  pcnnts  of  agree- 
menL    In  applying  them  to  the  actual  disteihution  of  plants  ac- 
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cording  to  the  receired  mode  of  classification,  it  will  be  more  con* 
venient  to  pursue  the  aoalytical  course,  and  to  show  how  the  veg- 
etable kingdom,  talien  aa  a  whole,  is  divided  and  subdivided,  by 
regarding  the  points  of  difference. 

688.  Tbe  general  plan  upon  which  the  vegetable  creation  is 
constituted,  it  has  been  the  object  of  the  whole  former  part  of  this 
treatise  to  illustrate:  the  fundamental  principles  of  natural  history 
classification  have  also  been  cursorily  expounded  in  a  preceding 
chapter.  In  applying  the  one  to  the  other,  we  have  to  consider,  in 
tbe  firet  place,  how  the  long  series,  reaching  from  the  highest 
Flowering  plants  to  the  lowest  and  minutest  Fungi  and  Algs,  can 
be  primarily  divided.  As  already  intimated,  the  most  decided 
break  in  the  series  occurs  between  the  flower- bearing  and  the  flow- 
erieM  plants ;  the  first  producing  proper  flowers  (with  stamens  and 
pistils)  and  seeds  containing  a  ready  formed  embryo ;  while  in  the 
second,  these  are  replaced  by  a  more  or  less  analogous,  but  sim- 
fler  and  more  recondite  apparatus.  We  need  only  refer  to  those 
paragraphs  io  which  the  difierance  is  brought  to  view  (109,  &c.). 
The  vegetable  kingdom,  viewed  under  this  aspect,  is  therefore  pri- 
marily divided  into  two  series,  a  higher  and  a  lower,  the  Flowbk- 
iiio  and  the  Flowbrless,  or  (under  other  and  older  names)  the 
PH£KoaAKOus  or  (Phanerogamous)  and  the  CBTPTOOAHons  plants. 

689.  Let  us  next  consider  how  the  higher  series,  embracing  far 
tbe  larger  part  aa  well  as  the  roost  complex  forms  of  the  vegetable 
kingdom,  may  itself  be  divided,  in  view  of  the  most  general  and 
important  points  of  difierence  which  the  plants  it  comprises  exhibit. 
Whenever  they  rise  to  arborescent  forms,  a  difference  in  port  and 
aspect  at  once  arrests  attention  ;  that  which  distinguishes  our  com- 
mw  trees  and  shrubs  from  Palms  and  tbe  like  (Fig.  220).  On 
examination,  this  difierance  is  found  to  be  connected  with  an  im- 
portant difierence  in  the  structure  of  (be  stem  or  wood,  and  in  its 
mode  of  growth.  Tbe  former  present  the  exogenous,  the  latter  the 
end<^enou8  stnicture  or  growth  (184-167).  This  difference  is 
manifest,  although  not  so  striking,  in  tbe  annual  or  herbaceous 
stems  of  these  two  sorts  of  Phenognmous  plants.  A  difference  is 
also  apparent  in  their  foliage ;  the  former  generally  have  retieu- 
iated,  or  nttted-veined,  the  latter  paralhd-veined  leaves  (276). 
Tbe  leaves  of  tbe  former  usually  fall  off  by  an  articulation ;  those 
of  the  latter  decay  on  the  stem  (309, 310).  The  Pbienogamous  se- 
ries, therefore,  divides  into  twe  great  clasaes,  namely,  into  Exock- 
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Notrs  and  Emdosbroitb  planta,  more  briefly  named  Eioobhs  and 
Ehdogens.  The  difference  between  the  two  not  only  pervades 
their  whole  port  and  aspect,  but  is  manifeBt  from  the  earliest  stage. 
The  embryo  of  Exogens,  as  already  shown,  is  provided  with  a 
pair  of  cotyledons,  that  of  Endogens  with  only  one ;  whence  the 
former  are  also  termed  DicoTrLBDonoDS,  and  the  latter  Moko- 
coTTLBDonouE  plants :  names  introduced  by  Josueu,  the  fetber  of 
this  branch  of  botany.  We  employ  sometinties  the  one  and  some- 
times  the  other  of  the  two  sorts  of  tiamea  for  these  two  great  classes. 

690.  In  contemplating  the  Exogenous  or  Dicotyledonous  class, 
we  find  that  two  sets  of  the  plants  it  comprises  are  specially  dis- 
tinguished by  a  great  rimpHcity  in  their  organs  of  fructification, 
approximating  not  indistinctly  to  that  still  greater  simplicity  which 
characterizes  the  highest  Gryptogamous  planta  (108).  These  ate 
the  Coniferous  trees,  such  as  Pines,  Firs,  &c.,  and  that  small  and 
singular  tribe  of  Endogenous  port  but  essentially  Exogenous  struc* 
ture,  which  comprises  the  Cycas  and  Zamia  (Fig.  403)  :  in  these 
coses,  not  only  are  the  sterile  or.staminate  flowers  reduced  to  the 
last  degree  of  simplicity,  but  the  fertile  consist  of  naked  orules 
merely,  borne  on  the  margins  or  surface  of  a  sort  of  open  leaf,  in- 
stead of  being  inclosed  in  an  orary  (560,  111).  They  are  there- 
fore named  GrHNOsPEKHous  (that  is,  naked -seeded)  plants ;  and 
form  a  subordinate  group,  or  subclass,  of  Exogens.  When  it  is 
needful  to  contradistinguish  the  great  mass  of  Exogens  from  whieb 
these  are  thus  separated,  we  call  them  ANGiospsBMOtJS  Exogenous 
plants ;  a  name  denoting  that  their  seeds  are  inclosed  in  a  pericarp. 
No  such  reduction  occura  in  the  Bndogeiious  class. 

691.  We  must  next  consider  the  systematic  divison  of  the  Flow- 
orless,  or  Gryptogamous  series.  This  is  most  readily  accomplished 
by  conceiving  them  to  present  a  series  of  reductions  or  degrada- 
tions of  a  higher  type.  In  their  general  mode  of  growth,  and  in 
their  anatomical  structure,  the  higher  Flowerieas  plants,  such  as 
Equisetums,  Club-Mosses,  and  Ferns,  do  not  essentially  difler  from 
Flowering  plants.  All  the  various  kinds  of  elementary  tissi», 
proper  woody  fibre,  vessels,  &c.,  enter  into  their  composition  (106, 
109).  If  we  had  chosen  to  take  anatomical  structure  as  the  basis 
of  our  primary  division  of  tile  whole  vegetable  kingdom,  we  might 
have  divided  the  whole  into  Viueularand  Cel/nZor  plants  (107),  as 
was  done  by  De  CandoUe ;  the  former  comprising  the  whole  series 
from  Ferns  upward,  the  latter  embradng  the  Mosses  and  all  bekiv 
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them.  HaTing  effected  the  primary  division,  however,  upon  other 
gtoundB,  we  turn  this  difference  to  subordinate  account;  and 
therefore  consider  the  higher  Flowerlesa  plants,  which  agree  with 
ihe  series  above  them  in  so  maujr  respects,  and  which  in  their 
compoeition  have  woody  tissue  and  vessels,  to  constitute  the  dis- 
tinct  class  of  Vascvur  FLOWBBLEas  plants.  For  reasons  already 
explained  (108),  they  have  also  been  termed  Acroosms.  All  th« 
kinds  below  these,  being  composed  of  cellular  tissue  exclusively, 
(though  the  cells  are  often  drawn  into  filaments,  which  may  even 
have  a  spiral  fibre  generated  upon  their  walls,)  are  Celldlab  plants. 

692.  But  the  higher  Cellular  plants,  such  as  Mosses,  still  dis- 
play the  proper  type  of  vegetation ;  they  agree  with  those  of  high- 
er grades  in  having  an  opposite  growth,  forming  a  distinct  axis  or 
Stem,  which  grows  upward  by  buds  and  is  for  the  most  part  sym- 
metrically clothed  with  distinct  leaves  (105);  while  the  Lichens, 
Seaweeds,  and  Fungi,  the  most  imperfect  of  vegetables,  present 
DO  distinction  into  stem,  root,  and  leaves,  no  polarity,  or  growth  in 
two  opposite  directions,  no  buds,^and  no  organs  which  are  clearly 
analogous  to  flowers.  Their  homogeneous  tissue  often  tends  to  the 
fonnation  of  flat,  more  or  less  definite  expansions  (the  thtdlua), 
which  is  the  nearest  approach  to  any  thing  like  leaves ;  in  which 
Iheir  simple  spores  are  imbedded.  Hence  they  are  termed  That- 
lopkgtea.  If  the  line  of  primary  division  be  diawo  in  view  of  these 
important  distinctions,  as  proposed  by  Unger  and  Endlicher,  the 
vegetable  kingdom  would  be  separated  into  two  great,  but  unequal 
aeries  ;  namely,  Ut,  the  Corvtophytea,  or  Siem-groteing  plajtU,— 
tboae  with  a  distinct  axis  of  growth,  elongating  downward  into 
nots,  and  upward  into  stems,  provided  with  leaves,  and  with  flow- 
era  or  their  analogues;  and  3d,  the  Thallophylea,  which  are  stem- 
less,  rootless,  leafless,  and  in  every  sense  Aowerless  (106). 

693.  Following  the  plan  we  have  adopted,  however,  we  have 
only  to  distinguish  this  higher  grade  of  Flowerless  Cellular  plants, 
exhibiting  a  distinct  stem,  &c.,  as  a  separate  class,  the  Anophvtes, 
represented  by  the  Mosses,  which  although  of  the  simplest  ana- 
lomical  structure,  still  emulate  the  higher  or  typical  forms  (105). 
The  remainder  (94-103),  embracing  the  Lichens,  Fungi,  and 
Algs,  form  the  last  and  lowest  class,  the  Thallophttbs.  To  con- 
sider their  subordinate  arrangement  would  quite  surpass  our  limits. 

694.  The  general  plan  may  be  analytically  expressed  by  the 
following  schedule. 
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695.  These  five  classes  are  very  unequal,  in  respect  to  the 
number  of  planls  they  embrace  ;  the  Exogenous  class  containing 
much  the  largest  number  of  epeciea  as  well  as  orders ;  the  Endo 
gens  also  comprising  numerous  types ;  but  the  others  very  few  in  ' 
comparison.  Convenience  of  analysts  therefore  requires  that  the 
lai^r  classes  should  be  broken  up  into  diviuous,  alliances,  co> 
borts,  or  by  whatever  name  groups  intermediate  between  the 
classes  and  orders  may  be  termed :  and  the  accomplishment  of 
this^bject,  BO  as  to  form  natural  groups,  is  at  present  the  great  de- 
Bideratum  in  Systematic  Botany.  But  until  this  be  well  done,  we 
are  obliged  to  use  artificial  analysps  of  the  classes,  or  to  throw  the 
orders  into  groups,  which,  in  proportion  as  they  are  rendered  nat 
ural,  it  becomes  impossible  strictly  to  circumacribe.  In  this  view; 
the  great  class  of  Exogenous  plants  is  usually  broken  up  into  threo 
very  convenient,  but  nearly  artificial  portions,  founded  on  the  pros* 
ence,  absence,  or  union  of  the  petals ;  namely  : 

1.  PoLTFETALS,  the  polypetalous  Exogens;  where  the  calyx 

and  corolla  are  both  present,  and  the  latter  composed  of 
distinct  petals. 

2.  MoNOPETALf  or  Gahopetalx,  the  Monopetalous  Exogens ; 

where  the  petals  are  united. 

3.  Apbtalx,  the  Apetalous  Exogens;  where  the  petals  are 

wanting,  and  the  floral  envelopes,  if  present  at  all,  consist 
of  the  calyx  alone. 

696.  These  divisions,  as  well  as  the  other  classes,  are  subdi- 
vided by  diSe^nt  authors  in  various  ways,  which  need  not  be 
specified  ;  since  it  is  only  the  classes  and  the  orders  that  are  con- 
ndered  to  rest  upon  a  stable  basis. 

697.  The  orders,  or  families,  are  to  be  viewed  rather  as  natural 
groups  of  genera,  than  as  subdivisions  of  the  classes.  The  kind  of 
characters  employed  in  distinguishing  them  will  best  be  learned 
trom  the  succeeding  illustrations. 

698.  NDHUaelatlin.  Their  names,  which  are  always  plural,  some- 
times express  a  characteristic  feature  of  the  group;  as,  for  in- 
stance, Legwninota,  or  the  Leguminous  plants,  such  as  the  Pea, 
Bean,  &.c.,  whose  fruit  is  a  legume  (603)  ;  Umbtilifera,  or  Um- 
belliferous plants,  80  named  from  having  the  flowers  in  umbels ; 
Compositte,  an  order  having  what  were  termed  compound  flowers 
by  the  earlier  botanists  (394) ;  LabiaUt,  so  called  from  the  labiate 
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«r  Iwo-lipped  corolla  (511),  which  Do&rij  all  the  ^Mctea  e^bit; 
Crveiferm,  which  have  Iheir  four  petals  dispoaed  aoroewhat  in  tin 
form  of  a  croaa,  &c.  But  more  frequently,  and  indeed  at  a  geo- 
eial  rule,  the  name  is  formed  from  that  of  aome  leading  or  well- 
known  genus,  which  is  prolonged  into  the  adjectiTe  terminatiim 
acea.  Thus,  the  plants  of  the  order  which  comprises  the  Mallow 
[Matea)  are  called  Mahaeea;  that  is,  PlmUa  Mahacea,  or,  is 
English,  Malv&ceous  plants :  those  of  which  the  Rose  (Jtoss)  it 
the  well-known  representatiTe  are  Rottuea,  m  Roeaceoua  pl^nli, 
4m.  This  termination  in  acta,  being  reserved  for  orders,  should 
not  be  applied  to  suborderB  or  tribes,  which  usually  hear  ihe  uma 
of  their  principal  or  best-known  genus  in  an  adjective  form,  with- 
out such  prolongation.  Thus  the  genus  Rota  gives  name  to  a  pa^ 
ticular  tribe,  Ratea,  of  the  order  Ra$aeea ;  the  genus  Maha  to 
ibe  tribe  JUa/reo  of  the  order  Maleaeea,  &c 

699.  The  number  of  genera  in  an  order  is  quite  aa  indefinite  at 
that  of  the  orders  in  a  class,  or  other  great  division.  While  sonK 
orders  are  constituted  of  a  single  genus,  pa  Equisetaceie,  Grosw- 
laceee,  6k.  (just  as  many  genera  contain  but  a  single  known  spe- 
cies), others  comprise  a  large  number  of  genera  j  nearly  nioe 
hundred  being  embraced  in  the  last  general  enumeration  of  the 
Compositte. 

700.  The  names  of  genera  are  Latin  substantives,  in  the  singu- 
lar number,  and  mostly  of  Greek  or  Latin  derivation.  Thoss 
whk:h  were  known  to  the  ancients  generally  preserve  their  dasai- 
cal  appellations  (Ez.  Fagut,  Frunut,  Myrtut,  Viola,  du:.) ;  and 
even  the  barbarous  or  vulgar  names  of  plants  are  oflen  adopted, 
when  susceptible  of  a  Latin  termination,  and  not  too  uncouth;  for 
example,  Thaa  and  Cojaa,  for  the  Tea  and  Coffee  plants.  Bam- 
lusa  for  the  Bamboo,  Yucca,  Negundo,  &c.  But,  mora  coramoo- 
ly,  generic  names  are  formed  to  express  some  botanical  character, 
habit,  or  obvious  peculiarity  of  the  plants  they  ^signate ;  such  si 
Arenaria,  for  a  plant  which  grows  in  sandy  places;  i>siKariai for 
a  plant  with  toothed  roots ;  Ltmaria,  for  one  with  nMxin-ahaped 
pods ;  Sanguiiuiria,  for  the  Bloodtoot ;  CratttUa,  for  some  plaoti 
with  remarkably  thick  leaves.  These  are  instances  of  Latin  derir- 
alives ;  but  recourse  is  more  commonly  had  to  the  Greek  language, 
especiaiiy  for  generic  names  composed  of  two  words ;  such  m 
Menispermum,  or  Moonseed  ;  Lilhoapermam,  for  a  plant  with  ttraj 
seeds ;  MeUuUhittm,  for  a  genua  whose  flowers  turn  of  a  black  or 
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duakj  color ;  Epidendrum,  for  OrchideouB  plants  which  grow  upm 
trees ;  lAriodendron,  for  a  tree  which  bears  lily -abaped  flowen, 
Sbo.  Genera  are  also  dedicated  to  distiDguished  peraoos,  a  prac- 
tice commenced  by  the  aDcieots ;  as  in  the  case  of  Paonia,  which 
bean  the  name  of  Pteon,  who  is  said  to  have  employed  the  plant 
in  medicine ;  and  Euphorbia,  ArUmitia,  and  Aiclepitu  are  also 
examples  of  the  Itind.  Modem  names  of  this  kiod  are  given  in 
coramemoration  of  botanists,  or  of  persons  who  have  contributed 
to  the  advaecement  of  natural  history.  Magnolia,  Bignonia,  £«• 
belia,  and  Lonieera,  dedicated  to  Magnol,  Bignon,  Lobel,  and  L<»- 
Dicer,  are  early  instances  of  the  practice ;  Linnsa,  Toumefortia, 
Jusaiaea,  Gronovia,  St,c.  bear  the  names  of  more  celebrated  bota- 
nists ;  and  at  the  present  day  almost  every  devotee  or  patron  of 
the  science  is  thus  commemorated. 

701.  The  names  of  species,  as  a  general  rule,  are  adjectives, 
written  after  those  of  the  genera,  and  established  on  similar  princi- 
plea  ;  as.  Magnolia  graadifiora,  the  Large-flowered  Magnolia ; 
iS.  maerophiflla,  the  Large<leaved  Mafi^olia;  BigTtonia  radicatu, 
the  Rooting  Bignonia,  &c.  The  generic  and  specific  names,  taken 
together,  constitute  the  proper  scientific  appellation  of  the  plant. 
Specific  names  sometimes  distinguish  the  country  which  a  plant 
inbabita  (^x.  Viola  Canadentit,  the  Canadian  Violet) ;  or  the  sta- 
tion where  it  naturally  grows  (aa  V.  paluttrit,  which  grows  in 
swamps,  V.  arventis,  in  fields,  &c.) ;  or  they  express  some  obvious 
character  of  the  species  (as  V.  roalrata,  where  the  corolla  bears 
a  remarkably  long  spur ;  Y,  tricolor,  which  has  tricolored  flow- 
ers; V.  rotvndifolia,  with  rounded  leans;  V.  lanceolata,  with 
lanceolate  leaves ;  V.  pedata,  with  pedately  parted  leaves ;  V.  pri- 
wmUxfolia,  where  the  leaves  are  compared  to  those  of  the  Prim- 
'rose  ;  V.  aiarifolia,  where  they  are  likened  to  those  of  Asarum ; 
V.  pubescent,  which  is  hairy  throughout,  &c.).  Frequently  the 
species  bears  the  name  of  its  discoverer  or  describer,  when  it  lakes 
the  genitive  form,  as  Viola  Muhlatbergii,  V.  NutlaUii,  &c.  When 
such  commemorative  names  are  merely  given  in  compliment  to  a 
botanist  unconnected  with  the  discovery  or  history  of  the  plant,  the 
adjective  form  is  preferred ;  as  Carae  Torreyana,  C.  Hookeriana, 
Ate. :  but  this  rule  is  not  universally  followed.  Specific  names  are 
sometimes  substantive ;  as  Ranuncvltu  Flammula,  Hypericum  So- 
rotkra,  lAnaria  Cymbalaria,  &c. ;  when  they  do  not  necessarily 
accord  with  the  genus  in  gender.  These,  as  well  as  all  specific 
32» 
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namea  derived  from  those  of  persoo§  or  countries,  should  Blirayi 
be  written  with  a  capital  initial  letter, 

702.  In  an  exposition  of  the  natural  system,  some  authors  (such 
as  Jusaieu  and  Endlicher)  commence  with  the  lower  extremity  of 
the  series,  and  end  with  the  higher ;  while  others  (as  De  Candolle) 
pursue  tt>e  opposite  course,  beginning  with  the  moat  perfect  Flow* 
ering  plants,  and  concluding  with  the  lowest  grade  of  flowerle« 
plants.  The  first  mode  posseasea  tbe  advantage  of  aacendiog  bjr 
auccessive  stepa  from  the  umplest  to  the  most  complex  stniciure; 
tbe  second,  that  of  passing  from  the  most  complete  and  best  unde^ 
stood  to  the  moat  reduced  and  least  known  forma;  or,  in  other 
words,  from  the  easiest  to  the  most  difficult;  and  ia  therefore  the 
ijfist  plan  for  the  student 

703.  The  arrangement  of  De  Candolle,  being  most  in  use,  hat 
been  followed  as  nearly  as  practicable  in  the  following  illustratioiu, 
so  far  as  relates  to  the  sequence  of  the  orders.  In  the  conspectus, 
these  have  been  thrown  into  small,  and  more  or  less  natural  groups, 
tlie  characters  of  which,  imperfect  aa  they  must  be,  will  serve 
aa  a  kind  of  key  to  the  orders  of  each  class  or  subclass,  and  facili- 
tate in  some  degree  tbe  student's  investigation.*  It  is  by  no  means 
necessary,  or  desirable,  to  introduce  into  our  elementary  illustra- 
liona  the  little  known  and  unimportant  ordera,  eapecially  those 
which  have  no  indigenous,  naturalized,  or  commonly  cultivated 
representativea  in  the  United  Statea.  Those  more  important  ex- 
otic families,  however,  which  would  otherwise  be  omitted,  are 
mentioned  in  the  form  of  notes,  placed  at  the  bottom  of  the  page, 
under  the  indigenous  orHera  to  which  they  are  respectively  related. 
Full  descriptions  of  tbe  orders  have  not  been  attempted,  but  the 
easier  distinguishing  characters  are  given,  to  tbe  exclusion  of  tbe 
Don-essential.  An  explanation  of  the  technical  terms,  which,  for 
obvious  reaaons,  are  freely  employed,  (and  which  will  serve  to  ini- 
tiate the  student  into  the  language  of  descriptive  botamy,)  may  be 
sought  in  the  combined  Gloasary  and  Index  at  the  end  of  tbe 
volume. 


*  In  a  Flora,  or  other  Bjitematic  work  butd  on  the  ntuural  ajtiem,  utifl- 
cial  analyses,  contriTcd  ia  varioat  ways,  are  neceiMrj  to  the  onpractiMd  Ki' 
dent,  and  afford  him  great  aaiUunce  in  diaentangUng  the  more  or  len  compli- 
cated character!  ot  the  orders.  Bnt  thej  are  hardlj  Deceuarj  in  oar  skeldi, 
which  is  intended  to  giTe  a  cunorj  ^neral  view  of  the  principal  natnial  o^ 
den,  rather  than  a  particolar  and  ijstematic  analfsis. 
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CHAPTER 


ILLUSTRATIONS   OP   THE    NATUBAL   OKDERB    OB   FAMILIES. 

Seiies  I.    Flowbiimg,  ob  Pb£MOoahovs  Plants. 

Plants  furnished  with  flowers  (essentially  consisting  of  stamens 
ud  pislils),  and  producing  proper  seeds  ( 1 10, 414). 

Class  I.  EzooENorrs  ob  Dicottledonous  Plants. 
Stem  consisting  of  a  distinct  bark  and  pith,  which  are  separated 
by  an  interpoaed  layer  of  woody  fibre  and  vessels,  forming  wood 
in  all  perennial  stems :  increase  in  diameter  efiected  by  the  annual 
deposition  of  new  layers  between  the  old  wood  and  the  bark,  which 
are  arranged  in  concentric  zones  (189-305),  and  traversed  by 
medullary  rays.  Leaves  commonly  articulated  wiih  the  stem 
(310),  their  veins  branching  and  reticulated  (276).  Sepals  and 
petals,  when  present,  more  commonly  in  fives  or  fours,  and  very 
rarely  in  threes.    Embryo  with  two  or  more  cotyledons  (633, 640). 

Subclass  1.    Anoiospbrhous  Exogenous  Plants. 
Ovules  produced  in  a  closed  ovary,  and  fertilized  by  the  action 
of  pollen  through  the  medium  of  a  stignm.    Embryo  with  a  pair 
of  opposite  cotyledons  (633). 

Division  I.    PoLTTEXALotts  Ezoobnoitb  Plants. 
Floral  envelopes  consisting  of  both  calyx  and  corolla ;  the  petals 
distinct.* 

Conspectus  of  thb  Obdbrs.  , 

Grv*p  1.    OivitK  Hreral  or  naniennu  (In  a  few  cum  (oUUry),  diitlnct,  when 
in  HVerml  rowi  MimeiiiiiM  coheriDg;  in  a  mau,  but  aoi  ODited  into  a  com- 
ponnd  putiL    Fetsli  sod  ■ttnen*  hypogTnoiu.    S«eds  slbnmiDoiu. 
■  Stuuens  or  pUtU*  (one  or  boUi)  nameront  or  indefloiu. 
B«ibs  withoal  MipnlM.  Baitdkotiucb^  p.  SS4. 

*  Some  CMC*  of  polTpMaloat  flowcn  abo  occur  in  the  orden  Ericsccn, 
Aqoifbliacan,  and  Plnmbaginacen,  which  an  placed  in  tb«  Moaopetalona  put 
of  tbg  lariM ;  and  tome  genota  of  Mveral  ordcn  placed  hare  ai«  apelaloiu, 
ndi  ai  Anemone,  kc 
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Shnibi  w  mM,  with  itipnlet ;  KMi*stioD  imbriculre.  UioMouicEs,  p.  361. 
WiLhoat  stipolet ;  mlivktioD  valvtiUr.        Ajiohacs^  p.  3M. 
•  •  StMn«iH  few  or  definin.    PbttU  ftw  or  wUtaij. 
Climbing  pUnis.    Mono-dioecioiu.  MBHiaPBMiACjE,  p.  387, 

Shraba  or  hertw.    Floweit  perfect.  Bbbbibid,ick£,  p.  388. 

Group  9.    Orariea  lereral,  riihor  diitinct,  or  perfectlj  Doilcd  inio  a  conpoiuid 
piitil  of  weral  cells,    SismBoa  deBnile  or  indefloite,  inserted  oa  (be  ft- 
ceptscle  or  lomi.    EmbiTO  Inclosed  in  a  sac  U  the  end  of  the  Blbooien,  or 
in  NelamUam  without  albmnen.    Aqnatk  herbe. 
Ckrpels  distinct  end  free.    Stamens  6-18.  C&bombackb,  p.  38). 

Caiiwia  distinct,  ImmerHd  in  a  dilated  loms.  Mbldmbiack^  p.  3M. 

Carpels  Daiisd  in  a  se<>entl.ceUed  man^r-OToled  oraij.   HtmfkiBaobx,  p.  3>1. 
Oroi^  8.    OTar;  compoand,  S-eelled,  with  the  placenta  in  the  axis.    Sta- 
mens bjpogfnoot,  indeSniie.    Seeds  niimeroas,  anatropons,  albominoos, 
with  a  imdl  embrjo.    Uanh  herbi,  with  pitcher-shaped   or  tobolar 
leaTw.  SixBACBKiAcrs,  p.  3(1. 

6mip  4.    Ovary  compound,  with  parietal  plaeent*.    Cal^  and  corolla  1-4- 
meroDs,  deddaona.    Stameni  hTpogynoas.    Flower  ansTmmelrical.    Em- 
bryo imall  in  copioos  albunen,  or  coiled  when  there  is  no  albancn- 
Seedi  albuminooi'.  embryo  small  or  miBote. 
Foljaodroiu:  flower  regnlar.  Fafater*Okb,p.33I, 

Diadelphoos  or  hexandroos :  6ower  Irregnlar.  Fdmabiacka,  p,  3)13, 

Seeds  withont  albnmen :  styles  and  stigmas  anited. 
Fod  two-celled.    Radicle  folded  on  the  cotyledons.         Cbdoipklk,  p.  393. 
Pod  one-celled.    Embryo  rolled  up.  Cappabidacb^  p.  3M. 

Seeds  withont  albmnen.    Styles  or  stigmas  lereral.  Sbsedacsa,  p.  39S. 

Grmg>  B.     Ovary   compoand,   with   parietal   placent*.      Floral    enrelopei 
mostly  9-merons ;  the  calyx  penislent.    Stamens  hypogynona.    Seeds 
allniniinoiu. 
Anthen  (9)  adnale,  introree,  connate.    Corolla  irregular.    Violackx,  p.  395. 
Anthers  extrone,  or  innate,  distinct.    Corolla  regular. 
Vernation  cercdnate.    Vetals  maicesceot  DnaBB>AOB«,  p.  396. 

VemaliDn  straight    Petals  nsnally  cadncotu.  Cistaobje,  p.  39T. 

Group  6,    Orary  compound  with  the  placenta  parietal,  or  1-S-celled  fraia 
their  meeting  in  the  axit.    Stamens  hypogyuous.    Seeds  with  a  stnught 
embryo  and  little  or  uo  albumeiL 
Sterile  filamentt  or  a  lobed  appendage  before  each  petaL  PAUiAjaix^  p,  39T. 
Sterile  SlamentB  none ;  leave*  opposite. 
Stipules  none;  |e«vea  dotted.  Stam.  unsymmetricaL  Htpbrioack^  p.  398. 
Stipnles  present:  leaves  dotless.   Stam.  syinmetricaL  £latikaces,p.399. 
Gmq>^.    Ovary  compound,  one-celled  with  a  free  ceulnl  placenta,  or  3- 
several-eelled  with  the  placenta  in  the  axis.    Calyx  tree  or  nearly  to. 
Stamens  hypogynona  or  perigynons.    Embryo  peripheric  txHtd  man  er 
IcM  arannd  the  outside  of  mealy  albumen. 
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pBttb  Dmnaroiu.    Ontj  manj-cclled.         UMiMBBTAxrautioKX,  p.  401. 

Flotal  eaTelopa  ijmmctrical.    Suuneoi  no  more  than  10- 

Cabtofbili-aobx,  p.  3SS. 

Flonl  enrelopM  antj^metrieal,  or  polyondroni.     PoBTULACACrs,  p.  401. 
Peub  3  -  5  or  S,  •ometimei  wsniing. 


central  axia.  Calyx  tne  (rout  the  OTtry,  irilh  a  vBlrue  KatiTadoii.  Bu- 
tatat  mosTly  indefiniEe,  monadelphom,  or  polfadelphoni,  iuerMd  with  the 
peuli  into  the  recaptacla  or  bau  of  ih«  petals. 

Anthers  l-nlled.    Stameni  monadelphooi.  Haltacbx,  p.  402. 

Anther*  S'Celled.    Fertile  itam.  kw.  monadelphom.    BiTTimiAOiJi,  p.  403. 
Anihera  S'celled.    Stamen*  polyandront  or  5-adelphoiu.      Tiuaoji,  p.  403. 

Gmap  9.    Orary  compoond,  with  two  or  more  cells,  and  the  placenta  in  the 
axis,  free  from  the  calyx,  which  is  imbricated  in  leativalion.    Stameni  in- 
definite, or  twiee  a*  many  nt  the  petali,  nsnally  monadelphom,  hypoej'' 
Doo*.  —  Tree*  or  ihrube. 
Learea  limple,  not  dotted.    Btament  indefinite.       TiBHtTBaviACBiB,  p.  405. 
IieaTcs  pellucid -punctate,  moitly  componod.  Adrastiack^  p.  405. 

Leaves  compound,  dotlen.    Stameni  10  or  leii,  monaddphoiu. 

Seed*  lingle  in  each  cell,  wingles*.  Meltackx,  p.  40S. 

Seed*  MTeral  in  each  cell,  winged.  CidbeLlACBX,  p.  406. 

Grmtp  10.  Oruy  eompottnd,  or  of  aerer*!  carpet*  adhering  to  a  central  asi*, 
free  from  the  ealTx,  which  1*  mottly  iubricaied  in  natiTation.  Stamen* 
ai  many  or  twice  a*  many  a*  the  petal*,  inaertcd  on  the  receptacle,  oftoa 
iDouadelphoni  M  the  bate.  Embijo  largo.  Albomen  Uule  or  none. 
Flower*  perfect. 

■  Flower  Irregular  and  nniyni  metrical    Albnmen  none. 

Stamens  connate.    Omieg  lererat  in  each  cell.  Bauakisacsx,  p.  40B. 

Stameni  diitinct.    Ornlea  liagte  in  each  cell.  Tkof.xoi.ackx,  p.  408. 

•  •  Flower  i^nlar  md  aymmetrieal  throngboot. 
Learea  not  ^Uodular-doited. 

Calyx  Talrate.    Albumen  none.  Lihkarthacbs,  p.  40V. 

Calyx  imbricated  in  leatiTatlon. 
Embryo  condaplicate :  cotyledons  convolute.  QBiAittAcax,  p.  407. 

Embryo  atraight  or  nearly  lo. 
Learei  entire.    Fertile  stamens  fi,  Liitacka,  p.  40B. 

Leaves  componnd.    Stameni  10. 
Styles  separate.    Leave*  alternate.  Oxaudacbx,  p.  408. 

S(;I«*  united.    Le*<e*  opposite.  ZT0OFHrt.i.ACBs,  p.  408. 

Leave*  gUnduIar-dotted.  Sdtaob^  p.  400. 

Gro^  1 1 .  Ovary  compound,  with  a  -  teveiat  eella ',  or  onoHxlled  hy  aopprea- 
•ion;  or  carpel*  distinct  and  barely  eoaneoed  by  their  styles.  Calyx 
free.    Petal*  a*  many  as  the  aepala,  or  rarely  wanting.    Stamen*  oace  or 
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tvice  a*  Bttaj  m  the  wpali,  diitinct,  hiaernd  into  tha  reoplide  at  boa 
of  the  etijic.  —  Embiyo  Imr^:  albninea  little  or  doob.    fknrait  mudj 
dicEciaiii  or  poljgUDOU. 
LeaTM  dotted.    OTsriea  or  oMa  3-OYiil«d.  Zamtbozixic&s,  p.  409. 

Leaves  dotlea*.    OtuIc  solituy. 
Ovariei4ar  3,  diitioct  id  fniit.  OcBaiAOUC,p.4)0. 

Oturj  one :  omle  on  >  long  ucending  fanicnini.     Abacjluhackc,  f.  411. 
Gnap  11.    Otbtj  componnd,  3-3-Iobed,  S-3-celled,  free  from  the  oCjl, 
which  is  imbriMted  in  nativation.    Peiab  often  frre^lu-,  or  one  fewer 
than  the  iepal«,  or  sometiinM  wanting.    Stameni  definite,  diitinMi  inimed 
on  or  around  a  hTpogjnaai  disc.    OralM  1  or  3  in  each  call    Embre 
coired  or  coiled.    Albmnen  none.  —  Flower*  often  poljgamoui. 
IieaTM  oppoeile. 
Entire.    Gjonciam  trioieroni.  HaLFiaHitCEs,  p.  411 

Lobed,  or  compound.    Gyntecinm  dimeroni.  Acbracex,  p.  411 

Leave*  chiefi;  alternate.    GjoEcinm  trimeroiu.  Sapikdacsx,  p.  411 

Grmp  13.  Orarj  compoond,  S  -  5-relled.  Oalyx  trte  from,  or  adherent  la 
the  baie  of,  the  ovarj.  Fetal*  and  etameni  eqnal  in  Doraber  to  the  leba 
of  the  calfx,  and  inierled  either  into  its  baae  or  throat,  or  npon  the  diu 
that  coTcra  it.  Seedi  eolituy  or  few  in  each  cell,  albnminoni.  EmbrTO 
moatly  large. —  Shmbs  or  trees.  Flowen  regoUr. 
•  Sutneni  aliemate  with  tho  petal*. 
Orarie*  panl;  leparated.    Leare*  componnd.  Stapbtlbace^  p.  4IS. 

Ovariei  wholl;  nnited.    Seed  arillue.   Learee  eimple.    Csuitrau^  p.  414. 

>  ■  Stamens  opposite  the  petal*  I 
Sepal*  vtWate  in  mtlTatioii.    Cell*  l-OTnled.  Rbamhacbx,  p.  414. 

Petala  Talrate,  cadticon*.    Cell*  S^ornled.  Titacul,  p.  41t. 

Orei^  14.  OTary  compound,  !-ce11ed,  free  from  the  cal/x.  Sepal*  and  peiib 
Teiy  irregnlar.  Stamen*  monadelphon* ;  the  inbe  of  filamenti  aplit  en 
one  *ide,  and  more  or  le*e  nnited  with  the  claws  of  the  bTpogynont  pit- 
all :  the  anthers  one-celled,  and  opening  by  a  pore  at  the  i^x  t  Sctdi 
albnminoD*.    Embiyo  large.  Foltoalaobx,  p.  4I(. 

Group  IS.    Orarj  simple  and  solitary,  free  from  the  calyx ;  the  frnit  a  pod. 
Flower  S-meroos,  the  odd  sepal  anterior.    Corolla  papilionaceoni,  img*- 
Ur,  or  lometime*  regnlar.    Stamens  monadelphong,  diadelphons,  or  dis- 
tinct, mostly  perigynons.    Seed*  deititnto  of  albnmen. 
Stameni  bypogynons.    Stipules  none.  EnAMBBiACUtiP-tlT- 

Stamens  mostly  perigynons.    Fruit  a  legume.  Liqdmiross,  p-tU. 

Grmp  Ifl.    Oraries  one  or  sereral,  simple  and  distinct,  or  combined  iolo  s 
componnd  ovary  with  two  or  more  cells  and  the  placents  in  the  sxii- 
Feuis  and  the  distinct  stamen*  perigynou*.    Seeds  destitnle  ofilbamnL 
*  Calyx  free,  although  often  inclosing  the  ovarie*  in  ill  Inbe,  except  vlum  ibi 
latter  are  nniled,  when  it  it  ndnate  to  the  eoinpaand  ovary,  and  ihe  tis- 
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JjtMTBt  mltCTaste,  itipnlata.    CotjledoDi  pUiw.  Soaxctm,  p.  419. 

Imtm  oppoaiie.  axilipDimM,  not  dotted.  Ciltc^htbac&s,  p.  4SS. 

LeaTd  oppoule,  exatipalste,  peUnctd-pDnclUe.  Htbtacbje,  p.  4!3. 

•  •  Caljx  free  (torn  the  comp.  oTarf.    Sttun.  deflnlte.     Ltthbaox,  p.  434. 

•  •  •  Calfx-toba  adiule  to  the  componnd  orarj.    Sttment  definite. 
Aotben  opening  by  t,  pore  at  the  apex.  UKLaBTOHACBX,  p.  4S4. 

Anthen  opening  loDgilodinally. 
Siipalea  interpetiolar.    LeaTes  opponte.  Bhizophokaokx,  p.  4S4. 

Sbpnlei  none.    Calyx  valrate. 
Cotyledoat  convolnie.  Cohbutioue,  p.  434. 

Cotyledon*  plane.  Onabkickje,  p.  434. 

Gra^  17.  Otttj  compoiutd,  one-eelled,  with  parietal  placentn.  Petala  and 
(with  one  exceptiao)  itameni  inHited  on  the  throat  of  the  calyx.  Flov- 
en  perfect,  except  in  Papayaceie. 

•  Calyx  adhereat  to  the  ovat;. 
Albomen  none  or  very  little.    Fetali  and  itam.  indefinite.     Cactacbx,  p.  4S6. 
Atbnmen  very  ropioni.    Embryo  minate.    Stain.  9.      Gkomclacbs.  p.  426. 
Albainen  pretent :  embryo  rather  large.    Suun-  indeflniie.    Loaiaok^  p.  497. 

•  •  Calyx  free  from  the  orary. 
Fhiiren  perfect.    Stameoi  i, 
Stameni  distinct,  perigynoni.  Tdrnbeacba,  p.  437. 

Stamens  monadelphoni,  adnaie  to  the  gynophore.    PABiiFLOnACKX,  p.  437. 
Flowu*  dkeciooi.    Statnen*  10,  on  the  corolla.  Papatackz,  p.  438. 

flreup  18.  Orary  compoand,  S-*eTera]-cel1ed  (or  one^^alled  by  oblileiatiDn) ; 
the  placental  parietal,  anting  from  the  axil,  bat  carried  otttwanla  to  lb* 
walla  of  the  pericarp.  Calyx  adnace.  Corolla  frequently  monopetaloni. 
Stamens  anitrid  either  by  their  filatnenti  or  antben.  Flowers  dicedons  or 
moiKBcions.    Albumen  none.  Cucdkbitaces,  p.  438. 

Graap  19.  OTariea  two  or  more,  many.om1ed,  dlatinct,  or  partly,  sometime* 
completely,  aniled,  when  the  compound  orary  is  one-celled  with  parietal 
placenta,  or  3  -  many-celled  with  the  placenta  in  the  axia.  Calyx  either 
free  from  the  ovary  or  adherenL  Petals  and  stamens  inserted  on  the  ca- 
lyx ;  the  latter  mostly  definite.  Seedj  albaminons,  nnmetons. 
PbtOs  a«  many  a«  the  sepals.  Cbamuucsa,  p.  439. 

Pistils  fewer  than  the  sepals,  more  or  less  united.  Sazipraoacbx,  p.  430. 

GrvupM.    Orary  compoand,  3-  (rarely  3-5.)  celled,  with  a  single  ovale  ins- 
pended  from  the  apex  of  each  cell.  '  Stameni  usually  as  many  as  the  pet- 
als, or  the  lobes  of  the  adherent  calyx.    Embryo  small,  in  hard  albumen. 
•  Sammit  of  the  (often  3-lobed)  OTaiy  free  Avm  the  calyx ;  the  petals  and  sta- 
mens inserted  «n  the  throat  of  the  calyx.  Bai(ai(bi.aces,  p.  431. 
■  •  ColyX'tabe  entijely  adherent  to  the  ovary.    Stamens  and  petals  epigy- 
noni.    Fbwers  tunbellate. 
Finit  separable  into  two  dry  carpels.  UuBKLLtrGBA,  p.  431. 
Fmit  dmpaceoas,  nsitally  of  more  than  two  carpels.        Asaliacbs.  p.  433. 
RowNt  cymoM  or  opitale.    Drape  S-celled.  COBKAOK^t  P-  *33. 
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704.  M.  luDdbtne  (du  Crowfoot  Fottfy).  HcrtMceom,' 
occasionally  climbuig  plants,  with  an  acnd  watery  joice,  and  mu- 
ally  palmalely  or  ternately  lobed  or  divided  leaves,  without  itip- 
tdea.  Calyx  of  three  to  six,  usually  &«e,  distinct  sepals,  decido- 
oos,  except  in  Fsonia  and  HelleborDs.  Petals  fire  to  fiflees,  or 
soroetiines  none.  Stamens  indefinite,  distinct.  Ovaries  numer* 
ous,  rarely  few  or  aoliary,  dislincL  Embryo  minute,  at  the  base 
of  firm  albumen  (Pig,  455,  456).  —  £x.  Ranunculus,  the  Butter- 
cup, which  has  regular  flowers  with  petals.  Clematis  (Virgin's 
Bower),  Anemone,  and  Hepatica  (Liver-leaf),  which  have  no  pet- 
als, but  the  caiyi  is  petaloid :  the  latter  baa  an  involucre  entirely 
resembling  a  calyx,  and  the  leaves  of  the  former  ere  opposite.  In 
all  these  examples  the  ovaries  are  one-seeded,  and  the  flowera  reg- 
ular, lo  others,  the  ovaries  contain  several  seeds,  and  the  flowers 
are  irregular,  or  with  the  petals  in  the  farm  of  spurs  or  difierentif 
shaped  bodes.  Actsa  (Cohosh,  Baneberry)  and  one  Larkspur 
have  a  solitary  ovary :  in  the  latter  the  petals  are  consolidated. 


Zanthorhiza  (Yellow-root)  has  only  five  or  ten  staineDS. — 'Hw 

Flo.  4TS.    Fkiwv  of  ■  BuanCDlH.    477.  Tsiticiil  ■KIloo  ttamogli  Iht  ncspueW;  ItaiP 

ptfi,  paula,  Old  IDOM  of  Ub  •uawiu  ukan  >mr.    478   Apeul,  withiba  nouulkfaii  »<• 

Ibecell.  180.  FionruHl  puloralanTor  AquiligtiCiudandKWIld  ODlvmbine).  Ul.  A 
diuelHd  pHil.  4Si.  Tim  tn  euH*  "f  »>■  '"It.  4S3.  A  npania  folittlt.  4M  Vutlcil 
■Blloo  or  Lha  iMd,  iboKlDf  th*  rainuu  tmhlta-  4BS,  n>wwT  of  DUphMma,  or  Urtapir, 
with  ill  ■pumd  aijx;  which  b  nmoTad  la  498,  ta  aboKiba  four  InaguJu  piulaulLl* 
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jnice  of  all  Banunculaceous  plants  is  acrid,  or  even  caustic  :  some 
are  virulent  nareoii co-acrid  poisons. 

705,  9ri.  lagBollBlifie  {the  Magnolia  Family).  Trees  or  shrubs ; 
with  ample  and  coriaceous,  alternate,  entire  or  lobed  leaves,  usu- 
ally punctate  with  minute  transparent  dots:  stipules  membraoB- 
eeous,  enveloping  the  bud,  falling  oiT  when  the  leaves  expand. 
Flowers  soHlajy,  large  and  showy,  mostly  odorous.  Calyr  of 
three  to  six  deciduous  sepals,  colored  like  the  petals;  the  lattei 
three  or  several,  often  in  several  rows.  Stamens  numerous,  mostly 
with  short  filements,  and  adnate  anthers.  Carpels  either  several 
in  a  single  row,  or  numerous  and  spicate  on  the  prolonged  recep- 
tacle ;  in  the  latter  case  usually  more  or  less  cohering  with  each 
other,  and  forming  a  fruit  like  a  cone  or  strobile.  Seeds  mostly 
one  or  two  in  each  carpel,  often  with  a  pulpy  exterior  coat,  and 
suspended,  when  the  carpels  open,  by  an  extensile  funiculus,  com- 
posed of  unrolled  spiral  vessels.  Embryo  minute,  at  the  base  of 
twmogeneous  fleshy  albumen.  There  are  three  well-marked  sub- 
orders ;  viz. :  — 

706.  Ssboid.  lapoliCB  {l/te  true  Magnolia  Familt/),  characterized 


principally  as  above,  especially  by  the  stipules  and  the  imbricated 
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spiked  carpels.  —  Ex.  Magnolia,  ia  which  the'  hard  or  woody  ca^ 
pels  are  pereislent,  and  accordingly  open  by  the  dorml  suture ; 
Liriodendron  (the  White-wood  or  Tulip-tree),  in  which  the  winged 
carpels  fall  away  from  the  receptacle,  but  are  themselves  iade- 
hiscent.     Bitter,  and  somewhat  acrid-aromatic. 

707.  Sabori.  Wliierec  {the  Winter's-Bark  Family)  has  no  stip- 
ules, and  the  carpels  occupy  only  a  single  verticil.  These  have 
pungent  aromatic  properties,  as  in  Illicium,  the  Star^Aaiae,  the 
seeds  and  pods  of  which  furnish  the  aromatic  oil  of  this  name. 

708.  Sobetd.  SfhinidltB  is  moncscious  or  dicscious,  wiA  the  pis- 
tils spicate  or  capitate  oa  a  prolonged  receptacle ;  the  staroeoa 
often  monadelphoua.  Leaves  sometimes  toothed,  destitute  of  stip- 
ules. —  Ex.  Schizandro.     Mucilaginous,  with  little  aroma. 

709.  Ord.   iionitw    (the    Cwtard-Appit    Family).     Trees  or 


shrubs,  with  alternate  entire  leaves,  destitute  of  stipules.    Flowere 

FIO.  iK.  Flamrlnj  bnnch  of  (hg  PipiK  {tJnrli  trlMn)  of  (Iw  OSunl  •)■.  491  Hm 
nu|Ucl^  wlih  HI  hut  111*  plalli  nmoni.  4M.  A  mnwi,  mcnllM.  4B3.  ^.w  <rf  Am 
teecua  puk  fmin  ihSKnu  mcepucla  [miicb  laduud  la  iln] ;  on*  cul  ■»»,  loottaM  hi^ 
*l»,  >»•■»* (t"  1«I<  boa;  Mik.    «t  t:^i-.-tii- — i.-.i—.i 1 i-n 
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la^,  but  dull-colored.  Sepals  S.  Pebb  6,  in  two  rows,  with  a 
nlvate  teMivation.  StaiMns  numerous,  in  many  rows,  witb  ex- 
lione  anthera.  Carpels  few,  or  mostly  numerous  and  cloielj 
packed  together,  sometimes  cohering  and  forming  a  fleshy  or  pulpy 
mass  in  the  mature  fruit.  Seeds  one  or  more  in  each  carpel,  with 
a  britlte  testa :  embryo  minute,  at  the  base  of  hard,  ruminated  al- 
bomen.  Ex.  The  four  species  of  Papaw  (Asimioa)  are  our  tmly 
representatives  of  this  chiefly  tropical  order,  which  fumisbei  the 
luscious  Custard -apples  of  the  East  and  West  Indies,  dec  Ar- 
omatic, and  Bometimea  rather  acrid,  properties  prevail  in  the 
order." 


710.  Old.  ItDiiptnnaetB  [the  Moonteed  Family).  Climbing  or 
twining  shrubby  plants  ;  with  aliernale  and  simple  pal mately- veined 
leaves,  destitute  of  stipules ;  and  small  flowers  in  racemes  or  pani- 
cles, dicBcious,  moncecious,  or  polygamous.  Calyx  of  three  to 
twelve  sepals,  in  one  to  three  rows,  deciduous.  Petals  as  many  as 
the  sepals  or  fewer,  small,  or  sometimes  wanting  in  the  pistillate 

'  OsD.  MYRISTICACEiE,  conmiing  of  &  few  tropicKl  trees  (which  bear 
Mtnegs),  diSbn  from  Aiionac«»  in  having  moncecioiu  or  dimciooi  and  apet- 
■low  flowen.  The  aril  vA  tb«  albamen  of  ihe  teeda  are  fine  aromaticf. 
Tbe  common  nuOiitg  it  the  Had' of  Hjiutica  noacfaala  (a  oaliTe  of  the  Hoiae- 
<at)  dcpriTed  of  Che  testa :  maet  ii  Ihe  aril  of  tbe  tame  apecie*.  THa  mmimaUd 
ilbomen  (817)  u  nearly  pacnliar  to  lUi  family  and  the  AuoDacec 

no.  495.  Sumlniu  llamr  of  Manlipsrraum  Caudnw.  49B.  A  Mhobi,  wlib  lu  foor- 
loHedvulwr.  497.  A  pUtillU*  llairer  or  llu  ■UH.  408.  A  nUurf  rnill.  499,  Tiro  dnipM 
mllHiuu  nupucla,  eutaerou;  suthnHifh  ilis  pnlpr  uocarp  <in]j,  tha  oUtu  Ihnnigh  iIh 
hanj  tndocwp  utd  HAd.  500.  A  dmpe  diT^dad  f «rikcAll7  (tha  ambrjo  btn  \t  luriMd  Um  wronf 
nj).   Wl.  IteNBd,aiid5(B,UiaGwlaleiiilirjsdglacbgil 
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flowers.  StameDs  as  many  aa  the  petals,  and  opponte  them,  or  two 
to  four  tiroes  as  many :  anthers  oAea  four-celled.  CarpeU  usually 
Mveial,  but  only  one  or  two  of  them  commonly  fructify,  at  first 
straight,  but  during  their  growth  often  curved  into  a  ring ;  In  fruit 
becoming  berriea  or  drupes.  Seeds  solitary,  filling  the  cavity  of 
the  bony  endocarp ;  embryo  large,  incloaed  in  the  thin,  fle^y 
albumen.  — £r.  Menispermum,  or  Moonseed  (Pig.  495-503), 
Cocculus.  The  roots  are  bitter  and  tonic  (e.  g.  Coiomfo  Root 
of  the  materia  medica) ;  but  the  fruit  is  often  narcotic  and  acrid ; 
M,  for  instance,  the  Coccuitu  Indieiu  of  the  shops,  once  used 
for  rendering  malt  liquors  more  intoxicating,  and  for  stupefying 
fishes. 
711.  Ord.  BcikrldUM  (the  Barlarry  fttmUy).    Herbs  o 


with  a  watery  juice;  the  leaves  alternate,  compound  or  divided, 

FtO.  S03,  A  riBM  or  BHterIa  TDlfirta,  Iha  eamDna  BaUtrj.  tOi.  A  Iomin|  tnacb 
fnm  Ibe  ull  of  <ns  af  lu  1«th  or  ttiam  Ihe  IbUDirini  ftti,  SX.  An  ei|BadH]  Bi>*«r. 
SOS.  A  IBUJ,  (iKiirlfannu  rwr  tbg  lug.  S07.  A  numn ;  ihi  tnllwr  opsninf  bj  npliriM) 
nlnm.  606.  Crottaioa  ot  ^  jmot  tnili.  e03.  Tsnlul  iKiiDii^  tbe  •»!•  ■lucbnl  u  tba 
bua.  Gia.  Vsniul  •action  oTi  ind  tnlirjid,  •how  1d|  Iha  lirga  ambrra  wiih  IbliiuDui  ci>- 
IjlaiimulmlapwradlclaiMRniaikdbraabiiiDaiL    >11.  TbaambrjoaapknU. 
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DBinlly  without  stipules.  Flowers  perfect  Calyx  of  three  to 
nine  sepals,  imbricated  in  one  to  seveml  rows,  often  colored. 
Petals  as  many  as  the  sepals  and  in  two  sets,  or  twice  as  many, 
with  a  pore,  spur,  or  glandular  appendage  at  the  base.  Stamens 
equal  ia  number  to  the  petals  and  opposite  them,  or  rarely  more 
numerous ;  anthers  extrorse,  the  cells  commonly  opening  by  an 
upliAed  valve.  Carpel  solitary,  often  gibbous  or  oblique,  forming 
•  one-celled  pod  or  berry  in  fruit  Seeds  sometimes  with  an  aril : 
embryo  (oflen  minute)  surrounded  with  fleshy  or  homy  albumen. 
—  Ex.  The  Barberry  (Fig.  503-511),  the  sharp  spines  of  which 
are  tiansformed  leaves  (296) ;  the  Mahonias  are  Barberries  with 
pinnated  leaves.  Leoutice  (Caulophyllum)  thalictroldes,  the  Blue 
Ctdioah,  is  remarkable  far  Its  evanescent  pericarp  (559),  and  the 
consequent  naked  seeds,  which  resemble  drupes.  Podophyllum 
(the  Mandrake)  presents  an  exception  to  the  ordinal  character, 
having  somewhat  numerous  stamens,  with  anthers  which  do  not 
open  by  valves ;  hut  the  latter  anomaly  is  also  found  in  Nandina. 
The  order  is  remaritable  for  this  valvular  dehiscence  of  the  an- 
thers, and  for  the  situation  of  both  the  stamens  and  petals  opposite 
the  sepfds.  But  this  latter  peculiarity  is  doubtless  owing  to  the 
production  of  two  or  three  whorls  both  of  the  petals  and  the 
stamens,  which  does  away  with  the  anomaly.  The  eestivatitai 
in  Berberis  shows  this  to  he  the  case.  The  fruit  is  inno- 
cent or  eatable;  the  roots  and  also  the  herbage  sometimes  poi- 
soQoua. 

712.  9ti.WmS^tt%(ikeWattr-thieU  Family).  Aquatic  herbs, 
with  the  floating  leaves  entire  and  centrally  peltate,  involute  in  ver- 
nation ;  the  submersed  foliage  sometimes  dissected.  Flowers  sol. 
itary,  rather  small.  Calyx  of  three  or  four  sepals,  colored  inside,  ' 
persistent  Corolla  of  as  many  persistent  petals.  Stamens  six  to 
thirty-six,  with  slender  filaments  and  innate  anthers.  Carpels  two 
to  eighteen,  indehlscent,  with  two  or  few  (aoalropous)  ovules  \a 
each,  inserted  on  the  dorsal  suture !  Seeds  pendulous,  with  a  mi< 
nute  embryo  inclosed  in  a  membranous  bag  (the  persistent  em- 
bryo-sac, 575),  which  is  half  immersed  in  the  albumen  at  the  end 
next  the  hilum.  — £x.  Braaenia,  the  Water-shield  (Fig.  513), 
and  Cahomba,  compose  this  very  small  order ;  the  apparently 
single  species  of  the  former  grows  both  in  the  United  States  and 
in  New  Holland.  They  are  only  reduced  forms  of  Nymphte- 
acee. 

83* 
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713.  Old.  NelamblattB  {the  Nelumbo  Familg).  Aquatic  heriis, 
with  very  large  leaves  aDd  flowera,  on  long  stalks  arising  from  a 
prostrate  trunk  or  rhizoma,  which  has  a  somewhat  milky  juice: 
the  leaves  orbicular  and  centrallj'  peltate.  Calyx  of  four  or  fire 
sepals,  deciduous.  Petals  numerous,  inserted  in  several  rows  into 
the  base  of  a  lai^  and  fleshy  obconical  torus,  deoiduous.  Su- 
meos  inserted  into  the  torus  in  several  rows :  the  filaments  peta> 
loid  ;  the  anthers  adnate  and  introrse.  Carpels  several,  separately 
immersed  in  hollows  of  the  enlarged  flat-topped  torus  or  recepta- 
cle (Fig.  351),  each  containing  a  single  anatropous  ovule  ;  in  fruit 
forming  hard,  round  nuts.  Seed  without  albumen  :  embryo  very 
large,  with  two  fleshy  cotyledons,  and  a  highly  developed  plumule. 
—  Ex.  The  order  consists  of  the  single  genus  Nelumbium,  em- 
bracing two  species ;  one  a  native  of  Asia,  the  other  of  the  United 
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States.     They  are  chiefly  remarkable  for  their  very  large  and 
abowy  leaves  and  flowers.     The  nuta  are  eatable. 

714.  iti.Hjmf'tmtetm  {the  Waler-Lily  Familj/).  Aquatic  herbs, 
Tith  showy  flowen,  and  cordate  or  peltate  leaves  arising  from  a 
prostrate  trunk  or  rhizoma,  and  raised  on  long  stalks  above  the 
water,  or  floating  on  its  surface.  Calyx  and  corolla  of  several  or 
numerous  imbricated  sepals  and  petals,  which  gradually -pass  into 
each  other ;  persistent ;  the  latter  inserted  on  the  fleshy  torut 
which  surrounds  or  partly  incloses  and  adheres  to  the  pistil ;  the 
inner  series  gradually  changing  into  stamens.  Stamens  numer- 
ous, in  several  rows,  inserted  into  the  torus  with  or  above  the  pet- 
als ;  tnany  of  the  filaments  petaloid,  the  adnate  anthers  introrse. 
Fruit  indehiscent,  pulpy  when  ripe,  many-celled,  crowned  with  the 
radiate  stigmas ;  the  anatropous  seeds  covering  the  spongy  dissep- 
iments. Embryo  small,  inclosed  in  a  membranous  bag,  which  ia 
situated  next  the  hilum,  and  half  immersed  in  the  mealy  albumen. 
—  Ex.  Nymphtea,  the  White  Water-Lily  {Fig.  865-268) ;  Nu- 
phar,  the  Yellow  Pond-Lily.  Here  belongs  the  magnificent  Vic- 
toria of  tropical  South  America,  the  most  gigantic  and  showy  of 
aqtiatics,  both  as  to  its  flowers  and  its  leaves. 

715.  Iri.  8ani(cniuec  {the  Water-PiUher  FamiJy).  Perennial 
herbs,  growing  in  bogs ;  the  (purplish  or  yellowish-green)  leaves  all 
radical  and  hollow,  pitcher-shaped  (Fig.  233,  224),  or  trumpet- 
shaped.  Flower  solitary  on  a  long  scape.  Calyx  of  five  persist* 
ent  sepals,  with  three  small  bracts  at  its  base.  Corolla  of  five 
petals.  Stamens  numerous.  Summit  of  the  combined  styles  veiy 
lai^  and  petaloid,  five-angled,  covering  Uie  five-celled  ovary,  per- 
sistent. Fruit  five-celled,  five-valved,  with  a  large  placenta  pro- 
jecting from  the  axis  into  the  cells.  Seeds  numerous,  albuminous, 
with  a  small  embryo.  —  Ex.  Sarracenia,  from  which  the  above 
character  is  taken,  was  the  only  known  genus  of  the  order,  until 
the  recent  discovery  of  Heliamphora  in  Guiaita.  The  scape  of  the 
latter  bears  several  flowers  without  petals,  6k,  A  third  genus, 
Dariingtonia,  Tarr.,  has  recently  been  discovered  b  California, 
with  calyx  and  corolla  not  very  unlike  those  of  Sarracenia,  but 
without  the  umbrella-like  style.  The  species  of  Sarracenia  ai« 
all  North  American,  and,  excepting  S.  purpurea,  are  confined  to 
the  Southern  States  east  of  the  AUeghanies. 

716.  Ord.  PlJWTenMB  {the  Poppy  Family).  Herbs,  with  a  milky 
or  colored  juice,  and  alternate  leaves  without  stipules.    Calyx  of 
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two  (rarely  thrae)  caducous  gepals.  Corolls  of  four  to  six  regulu 
petals.  Stamens  eight  to  twenty-four,  or  numerous.  Fruit  ooe- 
eellbd,  either  pod^shaped  with  two  to  five,  or  capsular  with  nuner- 
oua  parietal  placenlw,  from  which  the  valves  often  sepsTsle  ia  de- 
hisceuce.  Seeds  numerous,  with  a  minute  embryo,  and  copioui 
fleshy  and  oily  albumen.  —  Ex.  The  Peppy  (Papaver),  the  leading 
representative  of  this  small  but  important  family,  is  remarkable  for 
the  extension  of  the  plac«nfe  so  as  nearly  to  divide  the  cavity  of 
the  ovary  into  several  cells,  and  for  the  dehiscence  of  the  capsnle 


by  mere  chinks  or  pores  under  the  edge  of  the  crowo  formed  by 
the  radiate  stigmas.  The  Eschscholtzia,  now  common  in  gardens, 
is  remarkable  for  the  expanded  apex  of  the  peduncle,  and  for  the 
union  of  the  two  sepals  into  a  ealyptra,  like  a  candle -extinguisher, 
which,  separating  at  the  base,  is  thrown  off  by  the  expaosion  of 
die  petals  (Fig.  523,  S33).    The  colored  juice  is  narcotic  and 

FIO.  E19-  Suifulnute  Csnulaiuli  (tba  BloodroDi),  SSO.  Thi  piTd,  diildgd  Lnuiunlj, 
•howinf  tiM  pirisis]  Hiluhment  o(  Lha  imdj.  ESI.  Lon^ludlnil  nelloa  at  ■  nufnlBol  *■' 
wltti  lu  lirge  chip)u,  iliovini  ths  mtnuu  tnilitTo,  nur  Uia  ■nnmlt]'  of  iba  ilbuDia- 
t^  PLoirn-lMd  of  EKbicholL^ii.  £31  Tlie  uljpiriform  tt^JX  dtucbal  Hum  Uw  lii» 
SM  pgdarOuiuH- 
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Btimalant.    That  of  the  Poppy  yields  optum.    That  of  the  Celan- 
dine, and  of  the  Bloodroot  (Sanguinaria,  Pig.  519),  is  acrid. 

717.  Old.  FunariueB  [the  Fuvniory  Famly).  Smooth  berba, 
with  brittle  stems,  and  a  watery  juice,  alternate  dissected  leaves, 
and  no  stipules.  Flowers  irregular.  Caljrx  of  two  sepals.  Co- 
rolla of  four  petals,  in  pairs ;  the  two  outer,  or  one  of  them,  spurred 
or  sac-like  at  the  base ;  tbe  two  inner  callous  and  cohering  at 
the  apex,  including  the  anthers  and  stigma.  Stamens  six,  in  two 
parcels  opposite  the  outer  petals ;  the  filaments  of  each  set  usu- 
ally more  or  less  united;  the  middle  one  bearing  a  two-celled 
anther;  the  lateral  with  one-celled  anthers.  Fruit  a  one-celled 
and  two-valved  pod,  or  round  and  indehiscent.  Seeds  with 
fleshy  albumen  and  a  small  embryo.  —  Ex.  Fumaria,  Dicentra, 
Corydalis.  A  small  and  unimportant  tribe  of  plants,  chiefly  re- 
markable for  their  singular  irregular  flowers ;  by  which  alone  they 
are  distinguished,  and  that  not  very  definitely,  from  the  preceding 
Israily.  lis  floral  structure  has  already  been  explained  (455,  Fig. 
294-399). 

718.  Old.  CrneibTS  {the  Mustard  Family).  Herbs,  with  a  ptm- 
gent  or  acrid  watery  juice,  and  alternate  leaves  without  stipules; 
the  flowers  in  racemes  or  corymbs,  with  no  bracts  to  the  pedicels. 
Calyx  of  four  sepals,  deciduous.  Corolla  of  four  regular  petals, 
with  claws,  their  spreading  limbs  forming  a  cross.  Stamens  six, 
two  of  them  shorter  {tetradt/namoiu,  519),  Fruit  a  pod  (called  a 
tHiquewhen  muchlonger  thaDbroad,ora<titcIe  when  short,  615), 
which  is  two-celled  by  a  membranous  partition  that  unites  the  two 
mai^oal  placenle,  from  which  the  two  valves  usually  fall  away. 
Seeds  with  no  albumen :  embryo  with  ihe  cotyledons  folded  on  the 
radicle.  —  Ex.  Tbe  Water-Cress,  Radish,  Mustard,  Cabbage,  iLC. 
A  very  natural  order,  found  in  every  part  of  the  world,  perfectly 
distinguished  by  having  six  tetradynamous  stamens  along  with  four 
petals  and  four  sepals,  and  by  the  peculiar  pod.  The  peculiarity 
of  the  stamens  is  explained,  and  the  symmetry  of  the  flower  shown, 
on  p.  250.  These  plants  have  a  peculiar  volatile  acridity  (and 
often  an  ethereal  oil,  which  abounds  in  sulphur)  dispersed  through 
every  part,  from  which  they  derive  their  peculiar  odor  and  sharp 
taste,  and  their  stimulant,  nihefacient,  and  antiscorbutic  properties. 
The  roots  of  some  perennial  species,  such  as  tbe  Horseradish,  or 
the  seeds  of  annual  species,  as  the  Mustard,  are  used  as  condi- 
ments.   In  some  cultivated  plants,  the  acrid  principle  is  dispersed 
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ftiDong  abundance  of  uccharina  and  mucilaginous  matter,  afford- 
ing wholesome  food ;  aa  the  root  of  the  Turnip  and  Radisb ;  tha 
leaves,  &c.  of  the  Cabbage  and  Cauliflower.  None  are  reallj 
poisonous  plants,  although  some  are  very  acrid.  Several  apeciei 
are  in  culltvalion,  for  their  beauty  or  fragrance ;  such  as  the  Wall, 
dower.  Stock,  &e. 


■  719.  Ord.  Capparidactn  {the  Caper  Family).  Henbs,  or  in  the 
tropics  often  shrubs  or  trees ;  differing  from  Cruoiferte  in  ihe  one- 
celled  pod  (which  is  often  stalked)  beiug  destitute  of  any  false  par- 
tition ;  in  the  kidney-shaped  seeda ;  and  in  the  stamens,  which, 
when  six,  are  scarcely  tetradynamous,  and  are  often  more  numer- 
ous.—  Ex.  Cleome,  and  Polanlaia  (Fig.  525-534) ;  chiefly  tropi- 


taat.  sar,  SUffKHorAnbltCui^iwIi;  mar  Ilimii>lllii«*r 
tba'alxadiuchad,  ihonlnf  LbiMdi  I^ingan  Iha  bin  jMnlUon;  Iha atbirnlTa ■!» aUIOT 
■mji  SW-  AmagninsdcniB-aKLlaD  afone  or  Lhg  wingsd  Ktdi.ihcmliif  tha  imliTDOiik 
tlwndlctt  ippUwl  M  Ute  <d|a  of  tha  colfladcu  (eMjilMbni  atxumitmri-  S9S.  Tbemtr^ 
dauchtd,  630.  Tlis  ruame  of  DniK  rent,  La  fnili.  631.  A  cma^Ktln  oT  ana  of  Itia  fl"' 
du,  micoKM,  aihlbiilnf  Iha  pai^au)  LnHrtlon  of  ibc  Kada,  int  Lha  hln  junlllin.  Sa.  1 
dllcl*  or  Sbapherd'i  Pun*  (CkpHik  Bum  Fulotli).  633.  Tba  wna,  nrli)!  ana  of  Iba  >«1' 
(bapad  nina  nmortd.  praasDIIng  ■  langUiidlnal  iteir  of  lha  putov  panlUoo,  ftc  931.  ' 
marnlfM  crm  a«ti«i  of  one  of  iha  aseda.  (Iwwlni  Um  •mUjo  wllh  Um  mllcl*  applW  U)  iba 
iMg  o(  Uw  caljrkadDn  (finjiiitiBt  inaimttnl). 
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calor  mibtropical.  Many  have  have  ihe  pungency  ofCrucirene,  but 
■re  more  acrid.  Capers  ore  ihe  pickled  flower-buds  of  Capparia 
tpioMa  of  the  Levant,  dec.  The  roots  and  herbage  or  bark  ara 
bitter,  nauaeoua,  and  sometimes  poisonous. 


730.  Old.  KncdlKIt  (ihe  Mignonette  Family).  Herbs,  with  a 
vatery  juice,  and  alternate  leaves  without  stipules,  except  a  pair  of 
glands  be  so  considered :  the  flowers  in  terminal  racemes,  smi^l, 
and  often  fragrant.  —  Calyx  persistent,  of  four  to  seven  sepals, 
somewhat  united  at  the  base.  Corolla  of  two  to  seven  usually  un- 
equal and  lacerated  petals,  with  broad  or  thickened  nectariferous 
claws.  A  fleshy  disc  is  commonly  present,  enlarged  posteriorly 
between  the  petals  and  the  stamens,  and  bearing  the  latter,  which 
vary  from  three  to  forty  in  number,  and  are  not  covered  by  the 
petals  in  the  bud.  Fruit  a  one-celled  pod,  with  three  to  six  parie- 
tal placenlffi,  three  to  six-lobed  at  the  apex,  where  it  opens  along 
the  inner  sutures,  usually  long  before  the  seeds  are  ripe.  Seeds 
several  or  many,  curved  or  kidney -shaped,  with  no  albumen  ;  the 
embryo  incurved.  —  Ex.  The  common  representative  of  this  order 
is  the  Mignonette  (Reseda  odorata),  prized  fc^  its  fragrant  flowers. 

721.  Bfd.  VlolaeCB  {tkeViolet  Family).  Herbs  (in  tropical  coun- 
tries sometimes  shrubby  jilanls),  with  mostly  alternate  simple 
leaves,  on  petioles,  furnished  with  slipules;  and  irregular  flowerB. 

no.  S3S.  Flown  of  Polulila  gnisolu.  138,  Fnictlflat  <mzj  o(  tfa*  lUM,  ■  pontoo  e«t 
•way  b^  a  rAnical  and  huhiocilal  BacUon,  to  ihow  Ibc  dngtv  cell  mad  two  puriatal  plu«m«L 
EST.  CmnwcUoD  of  tba  oTu;r.    SiS.  SKllon  oT  llw  tai  uul  Bmbrja.    G3B.  Flamr  of  GjoMa- 
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Calyx  of  fire  persistent  sepals,  onen  auricled  at  the  base.  C010II& 
of  five  unequal  petals,  one  of  them  larger  than  the  others  and  com- 
monly bearing  a  spur  or  a  eac  at  the  base  :  sestivaiion  imbricative. 
Stamens  five,  with  short  and  broad  filaments,  which  are  usually 
elongated  beyond  the  (adnale  Introrse)  anthers ;  two  of  them  com- 
monly bearing  a  gland  or  a  slender  appendage  which  is  concealed 
in  the  spur  of  the  corolla :  the  aathera  approaching  each  other,  or 
united  in  a  ring  or  tube.  Style  usually  turned  to  one  side  and 
diickened  at  the  apex.  Fruit  a  one^celled  capsule,  opening  by 
three  valves,  each  bearing  a  parietal  placenta  on  its  middle. 
Seeds  several  or  numerous,  anatropoua,  with  a  cniataceous  integ- 
ument. Embryo  straight,  [nearly  the  length  of  the  fleshy  albu- 
men.—£x.    The  Violet  (Viola)  is  the  principal  genus  of  this 


order;  some  species,  like  the  Pansy,  are  cultivated  for  the  beauty 
of  their  flowers  ;  others  for  their  delicate  fragrance.  The  roots  of 
all  are  acrid. 

732.  Old.  Dnnenees  {the  Sundew  Family).  Small  herbs,  grow- 
ing in  swamps,  usually  covered  with  gland-bearing  hairs ;  with  the 
leaves  alternate,  or  clustered  at  the  base  of  a  scape,  tapering  into  s 
petiole,  rolled  up  from  the  apex  to  the  base  in  vematioa  (circin- 

no.  540.    VIoltaifhUU.    G41.  OnaoCilH  HUDSH  wtibmrt  ippsiid^«,ii«fran  vHUri 
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Date)  :  stipules  none,  except  a  fringe  of  hairs  or  bristles  at  the  base 
of  the  petioles.  Calys  of  five  equal  sepals,  peraislent.  Corolla 
of  five  regular  petals,  withering  and  persisteDt,  convolute  in  (estiva- 
tion. Stamens  as  many  as  the  petals  and  alternate  with  them,  or 
■ometimes  two  or  three  times  as  many,  distinct,  withering ;  anthers 
extrorse.  Styles  three  to  five,  distinct  or  nearly  so,  and  each  two- 
parted  (so  as  to  be  taken  for  ten  styles.  Fig.  390),  with  the  divis- 
ions  sometimes  two-lobed  or  many-cleA  at  the  apex ;  sometimes 
all  united  into  one.  Fruit  a  onenselled  capsule,  opening  loculici- 
dally  by  three  to  five  valves,  with  three  to  five  parietal  placenbe  ; 
in  DioDsea  membranaceous  and  bursting  irregularly,  with  a  thicb 
placenta  at  the  base.  Seeds  usually  numerous.  Embryo  small, 
at  the  base  of  cartilaginous  or  fleshy  albumen.  —  Er.  Drosera,  the 
Sundew ;  and  Dionfea  (Fig.  238),  so  remarkable  for  its  sensitive 
leaves,  which  suddenly  close  when  touched. 

733.  Sobard.  ParUBiea  consists  of  the  genus  Pamasda  (belong- 
ing  to  the  northern  temperate  and  frigid  zones,  and  to  the  high 
mountains  of  tropical  Asia) ;  which  differs  from  Droseracete  id  the 
want  of  glandular  hairs,  ia  the  introrse  anthers,  exalbutninous 
aeeda,  imbricated  (estivation  of  the  petals,  and  curious  appendages 
before  each  petal.  These  are  explained,  and  the  plan  of  the  flower 
shown,  on  p.  253  (Fig.  804,  305).  In  the  ovary,  also,  the  four 
short  stigmas  are  'situated  opposite  thp  four  parietal  ptacentse. 
The  genus  has  been  placed,  probably  rightly,  in  Saxifragaceie,  on 
account  of  its  slightly  perig)mous  stamens,  &c. 

724.  Ord.  CiltUtC  {the  Rock-Roie  Familj/).  Low  shrubby  plants 
or  herbs,  with  simple  and  entire  leaves  (at  least  the  lower  oppo- 
site). Calyx  of  five  persistent  sepals,  the  three  inner  with  a  con- 
volute  [estivation ;  the  two  outer  small  or  sometimes  wanting.  Co- 
rolla of  five,  or  rarely  three,  regular  petals,  convolute  in  {estivation 
in  the  direction  contrary  to  that  of  the  sepals,  oAen  crumpled,  usu- 
ally ephemeral,  sometimes  wanting,  at  least  in  a  portion  of  the 
flowers.  Stamens  few  or  numerous,  distinct,  with  short  innate 
anthers.  Fruit  a  one-celled  capsule  with  parietal  placentse,  or  im- 
perfectly three  to  five-celled  by  dissepiments  arising  from  the  mid- 
dle of  the  valves  (dehiscence  therefore  loculicidal),  and  bearing 
the  plocents  at  or  near  the  axis.  Seeds  few  or  Dumerous,  ortho- 
tropous  (with  few  exceptions),  with  mealy  albumen.  Embryo 
curved,  or  variously  coiled  or  bent  —  Ex.  Cislus,  Helianthemum 
(Fig.  546) :  a  small  family ;  the  flowers  often  showy.  No  im- 
34 
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portant  propertiei.    Several  exude  a  balsamic  reaio,  such  as  Lada- 
nam  from  a  Cistus  of  the  Levant.* 


735.  Ord.  HypericattB  {the  St.  John't-wort  FamUy).  Sbrab*  or 
herba,  with  a  resinous  or  limpid  juice,  and  opposite  eatire  leares, 
destitute  of  stipules,  and  punctate  with  pellucid  or  blackish  doH. 
Flowers  regular.  Calyx  of  four  or  five  persistent  sepals,  the  two 
exterior  often  smaller.  Petals  four  or  five,  twisted  in  estivation, 
often  with  black  dots.  Stamens  commonly  polyadelphous  and  on- 
meroua.  Capsule  with  septicidal  dehiscence,  many -seeded. — 
Ex.  Hypericum  (St.  John's-wort,  Fig.  553)  is  the  type  of  thii 
small  family.  The  plants  yield  a  resinous  acrid  juice,  and  a  bitter, 
balsamic  extractive  matter.f    £mbryo  straight;  albumen  little  or 

*  Oan.  BIXACE^  coaiuti  oF  tropical  treei  or  ihnib^  not  retemblisf:  mj 
of  the  other  orden  i^ith  parietal  placental,  and  ia  here  metiljoned  becaoM 
Bixa  Orellana,  of  tropical  America,  jielda  the  ArnaUo  of  commerce ;  which  ii 
the  wax  J,  orange-red  palp  that  anmmndi  the  seeds,  and  ii  lepar^ted  from  ihaa 
bj  waahing.  It  is  ctiieflj  lued  for  ttaining  cheeae,  and  in  the  |H«pMaliao  gf 
chocolate. 

t  Obd.  OUTTIFERf,  or  CLUSIACEiG,  coniiiting  of  tropical  ireca, 
with  a  jelloir,  reiinotu  jaice,  large  floven,  and  thick  and  ihiaing  entire 
leaTei,  !i  nearlj  allied  to  Hjpericacett,  and  exhibits  the  acrid  properties  of  Ibe 
tatter  (kmily  in  a  moch  higher  degree. —  GaiiJmgt  is  the  hardened  resinNi 

Fia  MB.  Tba  Kock-KaM,  Halluilhsiiuiin  CmulaaM.  547.  Flonr  fmn  which  Iba  pnHi 
ind  lUnuni  hirs  Mltn.  HS.  MignlUnl  croH4H(»gn  of  Ibt  onrr;  wllta  ■  alDfto  lunw. 
■howlniluhjpoirnaiu  luutloa.  MB.  QniHalcKi  dF  a  upiul*,  loaiUeldiU)' dtblKiat ;  ikt 
Hub  tbanfjn  bonH  on  ttaa  middle  of  aach  nlri.    SW,  Aa  oiuls.    S£l.    Pbui  gC  tlw  tnu. 
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yuliarily  of  the  stajneoi  is  explained,  and  a  diagram 
Ellodea  is  given,  on  p.  252. 


726.  Old.  ElltllUCC  {the  WalertDorl  Family).  Small  annual 
weeds,  with  opposite  leaves,  membraaaceous  stipules,  and  minute 
Hillary  flowers.  Sepals  and  petals  three  to  five.  Stamens  as 
many  or  twice  as  many  as  the  petals,  distinct.  Capsule  2-5- 
eelted,  septicidal  or  seplifragal ;  the  numerous  seeds  attached  to  a 
penialeat  central  axis.  Albumen  none.  —  Ex.  Elatine  is  the  type 
of  this  order,  containing  a  few  insignificiint  weeds. 

727.  Onl.  CatTOphfUaceR  {the  Pink  Family).  Herbs,  with  oppo- 
nle  entire  leaves ;  the  stems  tumid  at  the  nodes.  Flowers  regular. 
Calyx  of  four  or  five  sepals.     Corolla  of  four  or  five  petals,  or 

I  wanting.     Stamens  as  many,  or  commonly  twice  as 


jska  of  the  Hebradendron  eambogioidei  of  Ceylon ;  bat  the  tree  is  tnppoMd 
Is  have  been  imported  rrpin  Siun  by  the  Boddhiili,  W  wbom  It  ii  Mcred,  on 
■econnt  of  the  yellow  color  it  yielda.  The  gamboge  from  Sism  TartD*  the 
b«M  pigment  Cloiia  flara  yieldi  the  Hog-guM  at  Jamaica.  The  hot  ara- 
iia^ic  Cantlia  bark,  or  FaUe  Winla't-bari,  ii  deriTed  from  the  Canella  alba 
ft  the  West  Indiei.  NotwithtiandiDg  the  acrid  propertJea  of  thii  otder,  Qar- 
ctBia  Mangoatana  of  Malacca  yiehli  one  of  the  moat  delidoo*  of  finiu,  the 


0>D.  TAHARISCINE^  coniisti  of  Tamarix  and  one  or  two  other  gen- 
tia  of  aes-aide  planti,  nativei  of  Enrope  and  Alia:  they  are  ornamental, 
•hnit>bj  plantt,  with  gmaU  acale-like  and  aomaivhat  fleifa;  learei,  and  an  aa- 
triagent  baifc. 

rm.  SSa.  BnwIcDm  pHfonum  (Sl  JohnVwon).  Hi  lu  liiatfBarf  piMlL  MB. 
Crow  wcllan  ol  Um  e»p«ul«.    BBS.  TwilcalMCIioaafa  Mdud  iUMnbiTO. 
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many,  as  Ibe  petals,  somotiineB  redaced  to  two  or  three.  Styles 
two  to  five,  Btigmatose  down  the  inside.  Orary  mostly  one<elled, 
with  a  ceatral  or  basilar  placenta.  Capsule  two  to  fiye-valved,  or 
openinf;  only  at  the  apex  with  twice  as  many  valves  as  stigmaa. 
Embryo  peripheric,  curved  or  coiled  around  the  outside  of  mealy 
albumen.  —  There  are  five  principal  suborders,  viz. :  — 

728.  8ahoid>  SilewSB  (the  proper  Pink  Family) ;  in  which  the 
sepals  are  united  into  a  tube,  and  the  petals  (mostly  convtdute  in 
estlvatioD)  and  stamens  are  inserted  on  the  stipe  of  the  ovary,  the 
former  with  long  claws  -,  and  there  are  no  stipules.  —  Ex.  Silene, 
Dianthus  (the  Pink,  Carnation). 

729.  Slbord.  Altlnes  [the  Chidnneed  Family) ;  in  which  there  are 

0  stipules,  the  ovary 

1  sessile,  the  sepsis 
and  petals  (imbricat 
ed  in  EBstivation)  sie 
nearly  or  quite  dis- 
tinct; the  petals  des- 
titute of  claws;  and 
tile  stamens  are  in- 
serted into  the  mai^ 
of  aBma)lhypog3moiB 
disc;  which,  however, 
occasionally  cobem 
with  the  base  of  the  cs- 
lyz,and  becomes  peri- 
gynous.  —  £t.  Stel- 
laria,  Arenaria,  &c. 
(Chick weeds).   Some 

■"  m*  tm  gpg  ornamental;  oth- 

ers, such  as  the  common  Chtckweed,  are  insignificant  weeds. 

730.  Snbord.  DleCtbitB  {the  Knolteort  Familt/) ;  difiering  from  the 
last  in  having  scarioua  stipules ;  the  sepals  often  united  below ;  the 
petals  often  wanting  or  rudimentary ;  the  stamens  manifestly  peri' 
gynous,  and  the  fruit  more  commonly  a  one-seeded  utricle.  —  £i. 
Paronychia  and  Anychia.  Spei^la  has  conspicuous  petals,  and 
many-seeded  capsules;  and  so  dlfiers  from  Alsinete  only  in  its 
stipules.     Insignificant  weeds  of  no  economical  account. 


no   SBT.    Aniuria  lnurlSom.    KS.  A  mgnlBid  Id 
■boirtnf  LhAambfjDcoiMlDto  ■  rlofl uouod Uh illKiri 
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731.  Sibord.  SelennflKB  {the  Knawtl  Familg)  is  like  the  last, 
onty  there  are  no  stipules,  and  the  calyx-tube  is  urceolate  in  fruit, 
iDcloaiog  the  utricle.  —  Ex.  Scleranlhus. 

733.  Ssbord.  MoHn^eS  (the  Carpet-teeed  Family)  is  apetalous, 
eislipulate,  and  has  the  stamens  alternate  with  the  sepals  when  of 
the  same  number;  thus  effecting  a.  transition  to  the  next  order. — 
Ex.  Mollugo. 

733.  Oldi  FortBluMtB  [the  Purslane  Familg).  Succulent  or 
Beshy  herbs,  with  alternate  or  opposite  entire  (eaves,  destitute  of 
prc^r  stipules,  and  ususlly  ephemeral  flowers.  Calyx  mostly  of 
two  or  three  sepals,  cohering  with  the  base  of  the  ovary.  Petals 
ire,  or  rarely-more  numerous.  Stamens  variable  In  number,  but 
when  equal  to  the  petals  situated  opposite  them.  Styles  two  to 
eight,  united  below.  Capsule  with  few  or  numerous  seeds,  attached 
U  a  central  baular  placenta,  o^n  by  slender  funiculi.  Seed 
and  embryo  as  in  Caryophyllacess.  —  £x.  Portulaca  (Purslane), 


Claytonia  (Pig.  561).     Chiefly  natives  of  dry  and  arid  places  in 


Fn.  G8I.    CUrUnit  Vlrftiilu  [SprlKf  BamtT).    MX  Tonne  frail  ud  iba  pantauni  in- 
Iwad  ulfi.    SB3.  SkUoo  b(  iht  dgUKiDf  umk.    fiM.  A  nad.    HS.  Tha  muM,  tmIoOIt    , 
«rU^    HSl  Tha  oibryo,  dguchad. 

FZO.  MT.    Fhmsof  iha  Ponling;  ibg  calfx  col  iwaj  u  the  point  whsn  itadhow  te  0» 
•nrj,  bmI  taid  apaa.    U3,  k  upnla  (pjxla^  tl6)  t(  Um  iuaa,  tcaiBTanal7  ikUKaM. 
34" 
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the  wanner  parts  of  the  world ;  except  Cl&jrtonia.  Insipid  or 
slightly  bitter:  several  are  used  as  pot-herbs,  ss  the  Purslane. 
Some  are  ornamental.  The  forinaceous  root  ot  Lewisia  rediriva, 
a  native  of  dry  plains  in  the  interior  of  Oregon,  is  an  imponant 
article  of  food  with  the  natives. 

739.  Old.  laembl7UllieilBem  (the  Fig.Marigold  Family)  con- 
sists of  succulent  plants,  with  showy  flowers  opening  only  under 
bright  sunshine,  containing  an  indefinile  number  of  petals  and  sti. 
mens,  and  a  many-celled  and  many>seeded  capsule ;  otherwise 
much  as  in  Caryophyllacess.  —  The  thickened  leaves  are  oRea 
oddly  shaped.  —  Ex.  Hesemhryanthemum  (Fig-Marigold,  Ice- 
planl) ;  the  numerous  species  are  chiefly  natives  of  the  Cape  of 
Good  Hope,  flourishing  in  the  most  arid  situations. 

740.  Ord.  MalTBCCa  (the  MtdloK  Family).  Herbs,  shrubs,  or 
rarely  trees.  Leaves  alternate,  palmately  veined,  furnished  with 
stipules.  Plowers  regular,  generally  showy,  often  with  an  invotu- 
eel,  forming  a  double  calyx.  Calyx  mostly  of  Ave  sepals,  more 
or  less  united  at  the  base,  valvale  in  lestivation.  Petals  as  many 
as  the  sepals,  convolute  in  sstivation,  hypogynous.  .  Stamens  in- 
definite, monadelphous;  inserted  with  the  petals,  united  with  their 
claws :  anthers  reniform,  one-celled.  Pollen  hispid.  Ovary  sev* 
eral-celled,  with  the  placenta  in  the  axis;  or  ovaries  several,  sep- 
arate or  separable  at  maturity.  Styles  as  many  aa  the  carpels, 
distinct  or  united  below.  Fruit  capsular,  or  the  carpels  separate 
or  separable.    Seeds  with  littte  mucilaginous  or  fleshy  albumen- 


Embryo  large,  with  foliaceous  cotyledons,  variously  incurved  or 

FIO.  617,    Tbo  Hinb  Millew  (AllbH  oflelulli).    I1&  On  of  Iba  UduT^riapid  <•» 
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folded.  — £z.  Haira  (Hatlows),  Althtea  (Hollyhock),  Gossypium 
(Cotton),  &c. :  a  pretty  large  and  important  family.  Malvaceou* 
plants  commonly  abound  in  mucilage,  and  are  eotirely  destitute  of 
nnwholesome  qualities.  The  unripe  fruit  of  Hibiscus  esculeotus 
(Okra)  ia  used  as  an  ingredient  in  soups.  Ahhsa  officinalis  is  ibe 
Harsh  Mallow  of  Europe,  the  Guimaura  of  the  French.  Th* 
tenacious  inner  bark  of  many  species  is  employed  for  cordage. 
Cotton  is  the  hairy  covering  of  the  seeds  of  Gossypium :  the  long 
and  slender  tubes,  or  attenuated  cells,  collapse  and  twist  as  the 
seed  ripens,  which  renders  the  substance  capable  of  being  spun. 
Cotlon-seed  yields  a  fixed  oil  in  large  quantity,  which  may  be  used 
ki  lamps,  iic.     Numerous  species  are  cultivated  for  omameat. 

741.  Ord.  IfttaerilMS  is  distinguished  from  the  foregoing  by  it* 
usually  definite  stamens,  and  the  two-celled  anthera  (the  cells  par> 
ailel),  with  smooth  pollen.  The  carpels  are  few  and  consolidated. 
—A  Melochia  end  a  Hermannia  are  found  in  Texas.  The  rest 
of  the  order  ia  tropical  or  subtropical.  Chocolati  is  made  of  the 
roosted  and  comminuted  seeds  of  Theobroma  Cacao  (a  South 
American  tree),  mixed  with  sugar,  amotto,  vanilla,  and  other  in- 
gredients, and  pressed  into  cakes.  The  roasted  integuments  of 
the  seeds,  also,  are  used  as  a  substitute  for  coffee.* 

742.  Old.  TUiucs  (the  Linden  fcum'/y).  Trees  or  shrubby 
plants,  with  alternate  leaves,  furnished  with  deciduous  stipules,  and 
small  flowers.  Calyx  deciduous.  Petals  sometimes  imbricated  in 
nstivation.    Disc  glandular.    Stamens  indefinite,  of\en  in  three  to 


*  Oan.  STERCULIAQRS,  very  clotclj  sllied  to  MbItkco  and  Byttneria- 
ce*,  sod  Goniiiting  of  u^)pical  cree*,  poweMC*  the  same  mnciliginoas  proper- 
ttei  (as  well  u  oil;  se«d»},  wilh  which  biiter  and  utringent  qaalitiea  are  often 
Mmbined.  The  seeda  of  Bombax,  the  Silk'cotion  tree,  are  enTeloped  in  a 
kind  of  cotton,  which  belong!  to  the  endocarp  and  aol  lo  itie  Ked ;  and  tha 
hain,  being  perfecil/  amooih  and  BTen,  cannot  be  span.  Canoes  are  made 
IroiD  the  (rank  of  Bombax,  in  the  West  Indies.  To  this  order  belongs  the 
famou  Baobab,  or  MonkeT^-biead  of  Senegal  (Adansonia  digitata);  tone 
trnnki  of  which  are  from  aixtj  to  eighty  feet  in  drcniofbrenee  I  The  ftvit  ra- 
•embles  a  gourd,  and  Beirai  for  vessels ;  it  contains  a  mbadd  and  reftigerant,  , 
Mmewhal  aiuingetit  palp;  the  mncilaginOD*  jonng  leavea  are  also  used  for 
food  in  time  of  scardlj  ;  the  dried  and  powdeied  leavee  {Lalo)  are  ordinarily 
nixed  with  food,  and  the  bark  fdmiihea  a  coarse  thread,  which  is  made  inta 
cordage  or  wotea  into  cloth.  Chdrostcmcn  ptatanoidei  ii  the  remarkabla 
Band-flower  tree  of  Mexico.  A  plant  of  the  family  (Fremonlia,  Torr.)  nearly 
■lUed  to  Cbeiroiiemoa  hat  recently  been  found  in  California,  by  CoL  FremonL 
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five  clusters,  distinct  or  somewluit  united,  one  of  each  parcel  often 
Innsfonned  into  n  petaloid  scale;  anthers  two-celled.  Styles 
united  into  one.  Fruit  two  to  five-celled,  or,  bjr  obliteration,  oae- 
celled  when  ripe.  In  other  respects  nearly  as  in  Malvacete. — 
Ex.  Tilia,  the  Linden,  or  Lime-Tree  (Fig.  622),  represents  the  oi^ 
der  in  Northern  temperate  regions ;  the  other  genera  are  tropical. 
Alt  are  mucilaginous,  with  a  tough,  fibrous  inner  bark.  From  this 
hatt  or  btut  of  the  Linden,  the  Russian  mats,  &c.  are  made, 
whence  the  name  of  Basswood.  Gunny-bags  and  fishing-nets  are 
made  in  India  from  the  bark  of  Corchorus  capsularis ;  the  fibre  of 
which  is  called  Jute,  and  is  spun  and  woven.  The  light  wood  of 
the  Linden  is  excellent  for  wainscoting  and  carving :  its  charcoal 
is  used  for  the  manufacture  of  gunpowder.  It  is  said  that  a  Uttle 
sugar  may  be  obtained  from  the  sap :  and  the  honey  made  from 
the  odorous  flowers  is  thought  to  be  the  finest  in  the  world.  The 
acid  berries  of  Grewia  sapida  are  employed  in  the  East  in  the 
manufacture  of  slierbet.* 


■  Oso.  DIFTEROCAKPE^,  inlennedisle  in  Mme  leiptcli  betwein 
TiliaceM  and  TematnEmiaM*:,  conEisti  of  s  finr  bopii«l  Indiui  trees,  wiih  • 
reiiaoiu  or  balitunic  jaice.  Drjobalanopi  Broniatici,B  luge  tree  of  SamUn 
and  BonM,  jneldi  in  gn»l  sbundsace  both  s  txaijAor  oU  and  solid  caa^Jur: 

FIO.  KB.  Flomrinf  bnnchoCTIll*  AuMricuu,  thau 
■Ulk  cobnlnf  wUh  tbg  bncL  eSS.  On*  of  tba  chinan  ol 
■H,  DT  ptuOold  Kal*.  eM.TIupl«lL  (3t.  Cnwnnkm  oriharniit,  whkli  tea  ImiiH  cm- 
ciUad  bj  tbe  oUluniloo  of  Uh  puiiilo»,  ud  ona-Madgd.  esd.  Vmicil  lacikia  of  ihs  Bad, 
magnlflad,  la  abow  Iha  larga  ambtjio  vllh  tli  uper  ndlcit  and  Ibriaewiua  crumjyad  eoijMina. 
(A  b«ur  aacliun  ar  iha  and,  cut  In  the  dinuiin  KroH  tba  lat/ladoaa,  la  abiiirn  Ip  Fi(.  4f  l.| 
817.  DlafniB  of  (ha  lowat. 
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743.  Ord.  TtmtramlBeeK  {the  Tea  Family).  Trees  or  shruba, 
with  a  watery  juice,  alternate  simple  leaves  without  stipules,  and 
la^  and  showy  flowers.  Calyx  of  three  to  seven  coriaceous  and 
concave  imbricated  sepals.  Petals  five  or  more,  imbricated  in 
Bstivation.  Stamens  hypogynous,  indefinite,  monadelphoua  or 
polyadelphous  at  the  base.  Capsule  several -celled,  usually  with 
a  central  column.  Seeds  few  in  each  cell,  large,  with  or  without 
albumeD.~£z.  Gordonia  (Loblolly  Bay),  Stusrtia,  Thea  (Tea), 
Camellia.  Ornamental  plants,  natives  of  tropical  America,  except 
two  genera  in  the  Southern  United  States,  and  of  Eastern  Asia. 
The  leaves  of  Tea  contain  a  peculiar  extractive  matter,  and  a 
somewhat  stimulant  ethereal  oil. 

744.  Ord.  AuuHlMB  [the  Orange  Family).  Trees  or  shrubs, 
with  alternate  leaves  {compound,  or  with  jointed  petioles),  destitute 
of  stipules,  dotted  with  pellucid  glands  ta\{  of  volatile  oil.  Flowers 
fragrant.  Calyx  short,  urceolale  or  campanulate.  Petals  three  to 
five.  Stamens  inserted  in  a  single  row  upon  a  hypogynous  disc, 
often  somewhat  mooadelphous  or  polyadelphous.  Slyle  cyliodri- 
eal :  stigma  thickish.  Fruit  a  many-celled  berry,  with  a  leathery 
rind,  filled  with  putp.  Seeds  without  albumen.  —  Ex.  Citrus,  the 
Orange  and  Lemon.  Nearly  all  natives  of  tropical  Asia ;  now  dis- 
persed throughout  the  warmer  regions  of  the  world,  and  cultivated 
for  their  beauty  and  fragrance,  and  for  their  grateful  fruit.  The 
acid  of  the  Lemon,  &c.  is  the  citric  and  malic.  The  rind  abounds 
in  a  volatile  oil  (such  as  the  Oil  of  Bergamot  from  the  Lime),  and 
an  aromatic,  bitter  principle. 

745.  Ord.  ItlilCCB.  Trees  or  shrubs,  with  alternate,  usually 
compound  leaves,  destitute  of  stipules.  Calyx  of  three  to  five  se- 
pals.  Petals  three  to  five.  Stamens  twice  as  many  as  the  petals, 
tnonadelphouB,  inserted  with  the  petals  on  the  outside  of  a  hypogy- 
nous  disc ;  the  anthers  included  in  the  tube  of  filaments.    Ovary 


boA  m  foand  deponted  id  csTitiei  ot  the  trunk,  the  latter  winedmAa  in  pieesi 
It  long  M  ■  msa's  arni,  weighing  ten  or  twelve  ponndi.  It  it  more  lolid  thu 
tommon  camphor,  and  it  not  Tolatile  at  ordin«i7  Kmpanilaret.  It  bean  a 
high  price,  aad  u  wldom  foand  in  Earape  or  Ihii  country,  bnt  li  chiefl;  carried 
to  China  and  Japan.  A  thin  baliam,  called  taood-oU  in  India,  and  and  Tor 
painting  ihip*  and  hoiuei,  ii  }4elded  bj  soma  species  ot  Dipierocarpni  and 
^ai«a.  Shorea  robaica  yields  the  Dammer-pileh.  Tateria  Indies  exndea  a 
kind  of  copal,  the  Gun  Animi  of  commerce ;  and  a  somewhat  aromatic  futf 
mtUer,  called  Pineg  Tuiiaie,  it  derived  from  die  aeedt. 
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Be  vera] -celled,  with  one  or  two  ovules  in  each  cell :  styles  and 
stigmaa  united  into  one.  Fruit  a  drupe,  berry,  or  capaule ;  the 
cells  one-seeded.  Seeds  without  albumen,  wmgless.  —  Ex.  Melia 
Azedarach  (Pride  of  India),  naturalized,  as  an  ornamental  tree,  in 
the  Southern  States.  An  acrid  and  hitler  principle  pervades  this 
tropical  order. 

746.  Ord.  CedKlueSi  (the  Mahogany  Family).  Trees  (tropical 
or  Australian),  with  hard  and  durahle,  usually  Tragrant  and  beauti- 
ftilly  veined  wood  ;  differing  hotanically  from  Meliaceie  chiefly  by 
their  capsular  fruit,  with  several  winged  seeds  in  each  cell.  —  Ex, 
The  Mahogany  (Swietenia  Mahagoni)  of  tropical  America,  reach* 
ing  to  Southern  Florida.  The  Red-wood  of  Coromandel  is  the 
timber  of  Soymida  febrifuge ;  the  Satin-mood,  of  Chloroxylon 
Swietenia  of  India  ;  Yellow-wood,  of  the  Australian  Oxleya  zan- 
thoxyla,  &c.  All  the  species  ore  bitter,  astringent,  tonic,  often 
aromatic  and  febrifugal. 

747.  Old.  LinattB  {Ihe  Flax  Family).  Heriis,  with  entire  and 
sessile  leaves,  either  alternate,  opposite,  or  verticillate,  and  no 
Stipules,  except  minute  glands  occasionally.  Flowers  regular  and 
symmetrical.  Calyx  of  three  or  live  persistent  sepals,  strongly 
imbricated.  Petals  as  many  as  the  sepals,  convolute  in  icetivatioD, 
Stamens  as  many  as  the  petals,  and  usually  with  as  many  inter- 
mediate  teeth  representing  an  abortive  series,  all  united  at  tbd 
base  into  a  ring,  hypogynous.  Ovary  with  as  many  styles  and 
cells  as  there  are  sepals,  each  cell  with  two  suspended  ovules;  the 
cells  in  the  capsule  each  more  or  less  perfectly  divided  into  two, 
by  a  false  partition  which  grows  from  the  back  (dorsal  suture  ) ; 
the  spurious  cells  one-seeded.  Embryo  straight :  cotyledons  fiatt 
fleshy  and  oily,  surrounded  by  a  thin  albumen.  — Ex.  Linum,  the 


Flax  (Fig.  638-631),  is  the  principal  representative  of  this  smalt 

FIG.  S9S.  PIdkv  gf  Ltnum  panmiw.  G3>.  lu  muihm  ind  ptMlIt  SSO.  Cr««:iiaD  al 
1U  upnili.  ihawiag  ibg  IncompJiiu  bin  piniiiaii  rrofn  ibg  liuk  of  euh  call.  131.  &cil«  sf 
ibt  rnitl  of  Uh  ummoD  Flu,  abanilii  blaapuilUgommplatelj  dirldfacbprnfwull  Iaib 
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family.     The  tough  woody  fibre  of  the  bark  {Jlax)  ta  of  the  high-  , 
est  importance ;  the  seeds  yield  a  copious  mucilage,  and  the  fixed 
oil  expressed  from  them  is  applied  to  various  uses  in  the  arts.    The 
flowera  are  commonly  handsome.    The  flowers  of  the  succeeding 
families  are  formed  on  the  same  general  plan. 

748.  Ord.  Berudiees  {the  CraneibiU  Family).  Herbs  or  shrub- 
by plants,  commonly  strong-scented  ;  with  palmately  veined  and 
usually  lobed  leaves,  mostly  with  stipules;  the  lower  opposite. 
Flowers  regular,  or  somewhat  irregular.  —  Calyx  of  five  persistent 
sepals,  imbricated  in  Eestivaiion.     Petals  five,  with  claws,  mostly 


convolute  in  teativation.     Stamens  10,  the  five  exterior  hypogy- 

nous,  occasionally  sterile ;  the  filameots  all  brood  and  united  at 

the  base.     Ovary  of  five  two-ovuled  carpels, 

attached  to  the  base  of  an  elongated  axis  {gy- 

nobase)  to  which  the  styles  cohere :  ia  fruit  / 

the  distinct  one-seeded  carpels  separate  from  f| 

the  axis,  by  the  twisting  or  curling  back  of  the  U 

persistent  indurated  styles  from  the  base  up- 

wards.     Seeds  with  no  albumen :    cotyledons 

convolute  and  plaited  together,  bent  on  the 

short  radicle.  —  Ex.  Geranium  (Fig.  633-636},  or  Cranesbill. 


no.  tea.  lUicsal  t-l  or  Osnolan  munli 
tH,  A  Aairef  wILh  tha  aijx  and  corolU  Tsmored,  AhDvlnj  the  tt* 
h  fiull ;  Ihi  Indunud  mjIm  Hptnlln;  below  rnni  11m  pnilonfod  u 
UaUlj,  cut-in;  wllh  Uwoi  Uh  irnmbniioua  «rpgl*>  ^^  A  DUf 
•BtUn  of  tba  HUM,  ■bawiuf  Ihe  faldad  uul  conniluM  uXflxlani. 

Flo.  saS,    Di>(nun  at  Iha  Ijwu  of k  Gaiulnm. 


a,&c.    sas  TtaapiMll 
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Our  cultivated  Geraniums,  so  called,  from  the  Cape  of  Good  Hope, 
are  species  of  Pelargonium.-  The  roota  are  simply  and  strongly 
astringent  The  foliage  abounds  with  aromatic  resinoua  matter 
and  an  eihereal  oil.  —  The  proper  symmetry  of  the  flower  is  ex- 
plained on  p.  267. 

749.  Ord.  OnlidlME  {Ae  WMd-Sorrel  Famii!/).  Low  herbs, 
with  an  acid  juice,  and  allemate  compound  leaves ;  the  leaflets 
usually  obcordate.  Plowere  regular,  of  the  same  general  Btructura 
as  ID  the  preceding  family,  except  the  gynecium.  Carpels  Ave, 
united  into  a  compound  ovary,  with  the  styles  distinct ;  in  fruit 
forming  a  membranaceous  five>lobed  and  five>celled  capsule. 
Seeds  with  a  fleshy  outer  coat,  which  bursts  elaatically  when  ripe, 

.  with  a  large  and  straight  embryo  in  thin  albumen.  — £«.  Oxalis, 
the  Wood-Sorrel.  The  herbage  is  sour,  as  the  name  dcootes,  and 
contains  oxalic  acid.  The  foliage  is  remarkably  sensitive  in  some 
species.  The  tubers  of  some  South  American  species  (called 
Arracacha),  filled  with  starch,  have  been  substituted  for  potatoes. 

750.  Ird.  Znophflluea  differs  from  the  last  in  the  opposite, 
mostly  abruptly  pinnate  leaves,  distinct  stamens  (the  filaments  com* 
monly  furnished  with  an  internal  scale.  Fig.  303),  and  the  styles 
united  into  one.  ^  Ex.  Tribulus  and  Kallstrcemia  (introduced  into 
the  Southern  States)  are  exalbuminous ;  the  latter  is  lO^coccouf, 
just  as  Linum  is,  by  a  false  partition.  Guaiacum  and  Iiarrea,  both 
in  Texas,  and  the  rest  of  the  family,  have  a  corneous  albumen. 
The  wood  of  Guaiacum  {Lignam-viUB)  is  extremely  hard  and 
heavy,  and  yields  a  gum-resinous,  bitter,  and  acrid  principle  {Gvm 
Guaiacum),  well  known  in  medicine. 

751.  Ord.  Blltaminitcn  (the  BaUmn  Family).  Annual  herbs, 
with  succulent  stems  filled  with  a  watery  juice.  Leaves  simple, 
without  stipules.  Flowers  irregular,  and  one  of  the  colored  sepals 
spurred  or  saccate.  Stamens  five,  cohering  by  an  internal  appen* 
dage.  Compound  ovary  five-celled ;  stigmas  sessile.  Capsule 
bunting  elaatically  by  five  valves.  Seeds  several,  without  albu- 
men,  and  with  a  straight  embryo.  —  Ex.  Impatiens,  the  Balsam, 
or  Touch-me-not  Remarkable  for  the  elastic  force  with  which 
the  capsule  bursts  in  pieces,  and  expels  the  seeds,  Somewhal 
differently  irregular  blossoms  are  presented  by  (be 

752.  Ord.  Tnptrolans  (the  Indian-Creis  or  Naaturiium  FamHy). 
Straggling  or  twining  herbs,  with  a  pungent  watery  juice,  and  pel- 
tate or  palmate  leaves.    Flowera  irregular.    Calyx  of  five  colored. 
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UDileil  aepalB,  the  lower  one  spurred.  Petals  6ve ;  the  two  upper 
arising  from  the  throat  of  the  calyx,  remote  from  the  three  lower, 
which  are  stalked.  Stamens,  eight,  unequal,  distinct  Ovaiy  three- 
lobed,  composed  of  three  united  carpels ;  which  separate  from  the 
common  axis  when  ripe,  are  indehiscent,  and  one-seeded.  Seed 
filling  the  cell,  without  albumen :  cotyledons  large,  thick,  and  con- 
solidated. —  Ex.  Tropteolum,  the  Garden  Nasturtium,  from  South 
Aa>erica,  where  there  are  a  few  other  species,  one  of  which  bears 
edible  tubers.  They  possess  the  same  acrid  principle  and  anti- 
scorbutic properties  as  the  Cruciferm.  The  unripe  fruit  of  Tropn- 
olum  majus  is  pickled,  and  used  as  a  substitute  for  capers. 

753.  Ord.  LimiUtkactS  difTers  from  the  last  ODiy  in  its  regular 
and  symmetrical  blossoms,  and  the  erect  instead  of  suspended 
seeds  ;  the  calyx  valvate  in  nstivatioo.  —  Ex,  Limnanthes  of  Cal- 
ifornia, and  FIcerkea  of  the  Northern  United  States. 

754.  Old.  KntanB  {the  Rue  Family).  Herbs,  shrubs,  or  trees ; 
the  leaves  dotted  and  without  stipules.  Flowers  perfect  Calyx 
of  four  or  five  sepala.  Petals  four  or  five.  Stamens  as  many  or 
two  or  three  times  as  many  as  the  petals,  inserted  on  the  outside  of 
a  hypogynous  disc.  Ovary  three-  to  five-lobed,  three-  to  five-celled, 
with  the  styles  united,  or  distinct  only  at  the  base,  during  ripening 
usually  separating  into  its  component  carpels,  which  are  dehiscent 
by  one  or  both  sutures.^  Seeds  few,  mostly  with  albumen ;  and  a 
curved  embryo.  —  Ex.  Ruta  (the  Rue),  Diciamnus  (Fraxinella), 
of  Europe,  Sic.,  end  Rutosma  of  Texas.  Diosma  and  its  allies,  of 
the  Cape  of  Good  Hope,  New  Holland,  &c.,  form  a  suborder. 
Remarkable  for  their  strong  and  usually  unpleasant  odor,  and  their 
bitterness  (as  in  the  common  Rue  of  the  gardens),  owlhg  to  a  vola- 
tile oil  and  a  resinous  matter ;  the  former  is  so  abundantly  exhaled 
by  the  Praiinella  in  a  hot,  dry  day,  that  it  is  said  the  air  which 
surrounds  it  may  be  set  on  fire.  Many  plants  of  the  Diosma  tribe, 
especially  those  of  Equinoctial  America,  contain  a  bitter  alkaloid 
principle,  and  possess  valuable  febrifugal  properties.  The  most 
important  is  the  Galipea  which  fumbhes  the  Angostura  bark. 

755.  Ord.  ZuUnijIutB  {the  Prickly-Ash  Family)  ought  pnqier- 
)y  to  be  received  only  as  a  suborder  of  RutaceK,  differing  from 
the  Diosmeffl  merely  in  their  more  or  less  diclinous  flowers. 
Trees  or  shrubs ;  the  leaves  without  stipules,  and  punctate  with 
pellucid  dots.  Flowers  polygamous  or  diiBcioua.  Calyx  of  three 
to  nine  sepals.     Petals  as  many  as  the  sepals,  or  wanting.    Stamens 

35 
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u  many  or  twice  as  many  as  Am  petals.  Oarpela  two  Or  more, 
bonw  OD  Ae  canvez  or  eleraled  receptacle,  either  uriied  ortep- 
ante  ;  in  the  latter  case  the  styles  osnsily  cohere  when  yoonf . 
Seeds  one  or  two  in  each  cell  or  carpel,  with  a  siDooth  and  shsring 
crustaceoos  Msia,  alhaminoos,  embryo  rather  large,  Mmight  — 
Ex.  Zantboxyhim  (Prickly  Ash)  is  die  type  of  this  order,  of  cUefly 


American,  and  nearly  all  tropical,  plants.  They  are  aromatic, 
pungent,  stimulant^  and  bitter;  these  pn^rties  chiefly  resident  is 
the  bark. 

756.  Ord.  OchiaeCB  is  a  small  groop,  nearly  allied  to  the  laat, 
but  with  «mp1e  dotless  leaves,  not  aromatic,  and  endowed  with 
purely  hitter  qualities.  Some  plants  of  the  family  have  a  scale  od 
the  inner  side  of  each  filament,  as  in  Zygophyllaces,  and  make  a 
near  approach  to  Simaruhacete  *  (to  which  Castela  has  been  justly 
transferred). 

*  ^ao.  SIMARUBACEjE,  mmpoMd  of  a  ft*  tn^od,  and  duaflr  Ameri- 
can, ITW*  and  ■hmba,  ii  of  M>aui  importance  in  madiciDB.    Tbe  wood  ■bmiidl 


■  )a*f,  u  ihiiw  Uh  paUucid  dou.  Sll.  Suninua  Sinni.  Mt  A  piiUlm 
iiprwdciiien,  «X  TwDofllniiJnil*;  ooggfUwaidiiMedTwliaDTloi*" 
A  knuKh  In  frnh.  6Ul  On  of  tha  dakiKBl  paik,  ud  11>  Md.  SM  Tic- 
umnrlpapnluiijandj  Ibi  luiar  puukiit  fi 
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7G7.  M.  AmmiAiM  (Oe  CoMm  Foaiiiy).  Trees  or  shiutw, 
vkb  K  KHUtoiu  or  mUky,  oftea  scrid  juice,  whkih  turns  blaokiati 
in  ityiag :  the  leaves  ollemsts,  without  stipules,  Knd  not  dotted. 
Rowers  smdl,  often  polygamous  or  dimeious.  Calyx  of  three  to 
ire  sepa^  united  at  the  base.  Petals,  and  usually  the  stamens, 
•I  many  as  the  sepalsi  inserted  into  the  base  of  the  calyx  or  into  a 
hypo^Boua  disc.  Ovaiy  one-oalled,  hut  with  three  styles  eft-  stig- 
■Ms,  and  a  ungla  ovule.  Fmit  a  berry  or  drupe.  Seed  without 
tHwDHn.  Embryo  curved  or  beat.  —  Ex.  Bhus,  AoBcardium 
(iba  Cashew),  Ihstaoia.  Chiefly  tropical ;  but  sttTara]  specicB  itf 
ShuB  are  indigenouB  to  the  United  States.  The  acrid  resioout 
juice  is  used  in  varatshes ;  but  it  oAen  contains  a  caustic  poison. 
£Ten  the  exhalations  fiom  Rhus  Toxicodendron  (Poison  Oak,  Poi« 
son  Ivy),  and  R.  venenata  (Poison  Sumach,  Poison  Elder),  as  is 
well  known,  severely  affect  many  persons,  producing  erysipelatous 
swellings,  &c.  Their  juice  is  a  good  indelible  ink  for  marking 
Knen.  But  the  common  Sumachs  (R.  typhina  and  R.  glabra)  are 
inooci^ous;  their  astringent  bai^  is  used  for  tanning;  and  their 
tour  berries  (which  contain  bimalaie  of  lime)  for  acidulated  drinks. 
The  tnly  seeds  of  Pistacia  vera  (the  Pistachio-nut)  are  edible.  The 
dnipe  of  Mangifera  Indica  (Mango)  is  one  of  the  roost  grateful  of 
trt^Hcal  fruits.  The  kernel  of  the  Caahew>nut  (Anacardium  occi* 
dentale)  is  eatable ;  and  so  is  the  acid  enlarged  and  fleshy  pedun- 
de  on  which  the  nut  rests :  but  the  coats  of  the  latter  are  filled 
with  a  caustic  oil,  which  blisters  the  skin ;  while  from  the  hark  of 
the  tree  a  bland  gum  exudes.* 

is  so  exeesiivelT  letter  extnctiT«  principle,  called  (itattine.  The  Qauii*- 
mod  of  the  ihops  it  derived  ftom  the  Qnuna  un*n  of  Sarinsm  and  Gniaiu, 
or  mora  commonlj,  at  leut  of  late  jean,  (roni  Picnena  exeelM  <^  Jantica. 
It  bu  been  n«ed  ai  a  ntntituie  for  hopa  in  the  manafactnre  of  beer. 

*  Obv.  BURSERACE^  inctudiDg  a  great  part  of  what  were  fbnnn-lj 
oiled  Terebinthacue,  con*Uu  of  tropical  trees,  wich  a  copiotu  resiooni  jnics, 
CMspooDd  loaTBS  Dinsllj  naflced  wich  pellocid  doti,  and  small,  Mnunonly 
perfect  flowen ;  with  Tdvaie  petal*,  •  two-  to  five-celled  orarj,  and  drnpa- 
M>u  fmit-  Their  balsamic  jaice,  which  flowi  copiaiulj  when  the  trank  ia 
voDoded,  atnall;  harden*  into  a  resin.  The  Oi&anam,  ued  as  a  fragrant  lo- 
ceose,  the  Bain  of  Giltad,  or  BoIiom  of  Mecca,  Mprh^  aud  the  Bddliwit,  v* 
derired  from  Arabian  ipedei  of  the  order ;  the  East  Indian  Gun  EUmi,  from 
Curariiu))  commnne ;  Bakam  t^Aemcki,  sad  eiaiUsr  aabitaiKei,  from  Tarioai 
American  trees  of  this  ftTuUj. 

Obd.  AUTKIDACEjB  consists  of  a  few  West  Indian  plant*,  intarraediate 
St  it  were  between  Bnneraceie  and  f.egnniiiiowB,  aod  distingniihed  from  the 
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788.  M.  Uyl^lirMB  ia  a  hi^  tropical  bmily  (wrtb  ooe  or  tn 
repraaentBti*es  in  Texas),  which  diflen  from  Acemcea  in  ita 
more  ayminQtrical  flowara,  trimerouB  gynsciuin,  solitary  onilc*, 
the  wsDt  of  a  diac,  and  in  the  entire  leares,  &c. 

769.  M.  iMrUMI  (tke  Maple  Foawijr).  Trees  or  shrubs,  widi 
oppcMite  learas  and  do  stipules.  Flowers  small,  potjrgtiinolu,  ieg> 
alar,  sometimes  perfect,  in  racemes,  corymbs,  or  faactcles,  oftcD 
preceding  the  leares.  Calyx  mostly  of  five  sepals,  more  or  )en 
nnited.  Petals  as  many  as  the  sepals,  or  none.  StameoB  three  to 
twelve,  seldom  agreeing  in  number  with  the  sepals,  inserted  m  at 
aionnd  a  hypogynous  disc  Ovary  of  two  more  or  less  onited 
carpeb ;  each  carpel  fonniog  a  samara  in  fruiL  Ovules  two  in 
Mch  cell.    Seeds  solitary,  destitute  of  albumen.    Embryo  coiled. 


—  Ex.  Acer,  the  Maple ;  useful  timber'trees  of  northern  temper 

former  chiefl;  b;  their  rimple  and  toMttxj  tyrarj.  Ooe  (pedes  of  Amjiit 
grow*  ia  Floridft.  Their  propertiea  en  ibe  (sme  as  Ae  preceding ;  ibe  trankt 
alnanding  in  s  fragrant  reiinona  jnice. 

FIQ.  MI.  A  bnnch  sf  Asv  dwrevpiKX  <D»  WbKa  Soft  M*p)i)  wHh  iUidLmU  tmwa 
•la  A  H|wiit*,  «]»(■],  Munluu  towt.  St8.  Brueh  wJlh  pMIIIU*  Bsinn.  eta  A  mp^ 
ma  fenlla  Bowir;  ib*  taKU,  Ac  ol  IhadnurcDl  tmj.  051.  TtHnnig,  «nlu|ad,  whkllii 
tlijx  cul  iwif.  O.  A  cliMar  •honing  Itn  Tnilllnf  cinri«  upudlnf  Inlo  wlnp  (ndwtil  b 
■tn).    U&  fUpabiUi  auoIibtauuraieaiapHWibiiirllMMit    AM.  AIhT. 
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Sugar  ia  jieMed  by  the  vemsl  Mp  of  Acer  anccha- 
iHum,  and  in  less  quaodty  by  A.  daayoarpum  and  other  speciea. 

760.  M.  S^JldHM  [the  Soapberry  FamUs).  Trees,  ahruba, 
IV  climbers,  with  tendrila,  rarely  herbs  (nearly  all  tropica). and 
American) ;  with  alternate  and  moatly  compound  leave*.  Flowera 
nail,  unaymmetrical,  usually  irregular  and  polygamous.  Calyx 
of  four  or  five  sepala.  Petals  irregular  and  often  one  fewer  tba* 
the  sepals,  sometimes  wanting.  Stamens  eight  to  tea.  Ovaiy  two- 
o>  threO'^elled ;  the  styles  or  stigmas  more  or  less  united.  Seeds 
asually  with  an  aril,  destitute  of  albumen.  Embryo  coUed  ;  the 
OO^ledoBs  usually  tiuck  and  fleshy.  —  £x.  Sapiodus  (Soapberry, 
on  species  of  which  is  indigetKius  to  the  southem  borders  of  the 
United  States) ;  and  Cardioapermum,  which  is  a  climbing  herb, 
with  a  bladdery  capsule,  often  met  with  in  gardens.  They  are  as- 
tringent and  bitter.  The  fruit  of  Sapiodus  is  used  for  soap.  The 
leaves  of  true  Sapindaoen  are  alternate.  Inseparably  connected 
with  this  order  is  the 


761.  BnllDTdi  HIppocUdaniMB.    Trees  or  shrubs;  with  opposite 

Fia  IB6.  FlomrlDg  tniub  nf  Saaiat  Farla,  ■  ipMln  or  Buetujt.  SGfl.  A  Oawir. 
SIT.  Flsmr  with  Uh  uln  uid  im  or  Iha  petal*  miKiTid.  C68.  A  fRKinil  plu  oT  tlu  Bow, 
■)Dw1mgllBtlUIWUanii«7DiiiiudciL  SfiS.  TmUuI  HCUa  oT  u  owj,  (bowliic  [wo  of 
Ite  Edli  wiik  ■  iwit  of  oTHta  In  iKti,  OM  uumllat,  «■  il«««i«1lM.  <■<).  Cn—weUoB  it 
uonry.    «61.  CnwMctlooortfaa  ImoiUiinfriuti  ouljraMlsniliiMdj  tkaolbaimlnrtlra. 
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rfigit&te  leaTM,  without  Hipul«8.  Fruit  ToundUi,  eorlaceons,  da> 
hiacent,  with  one  to  three  veiy  large  seeda,  lewmUiDg  cbeotnatB. 
Embiyo  very  lai^  and  fleshy,  ahowing  a  two-leaved  plumule: 
dte  jcotyledons  united. —  £v.  .faculaa,  the  HorBecheMnut,  and 
But^eye :  fine  ornamental  treea.  The  large,  atarchy  seeds  are 
nutritioua,  but  they  craitam  a  bitter  principle  which  is  more  or  lem 
naxioaa.  Those  of  JE.  Pavia  are  used  to  stupefy  fi^.  The  root, 
according  to  Elliott,  is  employed  as  a  suhMitute  for  soap. 

762.  M.(liAt^Mum{UieSpi»dU'tree  Family).  Sbnibe  or  trees, 
with  alternate  or  opposite  simple  leaves.  Calyx  of  four  or  fire 
sepals,  imbricated  in  nstivation.  Petals  as  many  as  the  sepals, 
inserted  under  the  flat  eipanded  disc  which  closely  aurroundi  the 
ovary,  imbricated  in  testivaticm.  Stamens  as  many  as  the  petsla, 
and  alternate  with  them,  inserted  on  the  mai^n  or  upper  Bur&ce 
of  the  disc.  Ovary  free  from  the  calyz.  Fruit  a  capsule  or  bkny, 
with  one  or  few  seeds  in  each  cell.  Seeds  usually  arilled,  albu- 
mmous,  with  a  lai^  and  straight  embryo.  —  JSc  Celastrus  (False 
Bittenweet),  Euonymus  (Burning  Bush,  Spindle-tree):  they  an 
all  somewhat  bitter  and  acrid ;  but  of  little  economical  importancs. 
The  crimson  capsules  and  bright  scariet  arils  of  Euonymus  atro. 
pnrpureus  and  E.  Atnericanus  (sometimes  called  Strawbeny- 
tne),  present  a  striking  appearance  when  the  fruit  is  ripe. 

763.  Ord.  UumiUtB  (the  BueklKorn  Family).  Shrube  or  trees, 
olten  with  spinoee  branches ;  the  leaves  mostly  alternate,  simple. 
Flowers  small.  Calyx  of  four  or  five  sepals,  united  at  the  base, 
valvate  in  eativation.  Petals  four  or  live,  cucullate  or  convolute, 
inserted  on  the  throat  of  the  calyx,  sometimes  wanting.  Stanteus 
as  many  as  the  petals,  inaeited  with  and  opposite  them  I  Ovaiy 
sometimes  coherent  with  the  tube  of  the  calyx,  and  more  or  less 
immersed  in  a  fleshy  disc,  with  a  single  erect  ovule  in  each  cell 
Fruit  a  capsule,  berry,  or  drupe.  Seeds  not  arilled.  Embiyo 
straight,  lar|^,  in  aparing  albumeiL  — £9;.  Rhamnus  (Buckthorn) 

.  is  the  type  of  the  order.  Ceanothus  is  peculiar  to  North  America ; 
just  as  some  genera  are  to  the  Cape,  and  odiers  to  New  Htdland. 
The  berries  of  most  species  of  Rhamnus  are  somewhat  naoseoua ; 
but  those  of  Zizyphus  are  edible.  The  genuine  Jujube  patU  is 
prepared  from  thoec  of  Z.  Jujuba  and  Z.  vulgaris  of  Asia.  Sytf^ 
of  Buckthorn  and  the  pigment  called  Sap-green  are  prepared  from 
Uie  fruit  of  Rhamnua  catharticus.  The  herbage  and  bark  in  thii 
order  are  more  or  less  aatrmgent  and  bitter.    An  iofusioa  of  tba 
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leavei  of  Ceaoodius  AmericanuB  (thence  cslled  New  Jeraey  Tea) 
has  been  nsed  aa  a  substitute  for  tea. 

764.  Ori  Sttphirlews  (the  Bladder-wU  Family),  consisting 
(diieflf  of  Staphylea,  ia  intermediate  between  the  order  9apin- 
dacese,  from  which  it  difiers  in  its  more  Bymmetrical  flowers  and 
straight  embryo  in  fleshy  albumen,  and  Cetaalrace^,  from  which 
the  compound  leaves,  partly  separate  pistils,  and  bony  seeds  distin- 
guish it. 

765.  M.  Tltuei  {tke  Vine  Family).  Shrubby  plants  climbing 
by  tendrils,  with  simple  or  compound  leaves,  the  upper  alternate. 
Flowers  small,  often  polygamous  or  diocious.    Calyx  very  small, 


entire  or  four-  or  five-toothed,  lined  with  a  disc.    Petals  four  or 


FIQ.  M3.  AbcwwhoT  IhaGnpa;  ahoirtDf  Ibtonnn  nf  Dm  teodrlk  B64.  ABamt;  tiM 
piuii  Hipumlliig  rmio  tba  bua,  ind  Ullng  off  ugallHr  wllboal  Hpudlng.  MS,  A  Bowr 
fiom  which  tba  pauli  hiTS  faUoi ;  tba  kbaa  of  tha  illic  aenn  aluinau  irllh  tba  lUunaiiB, 
■SS.  VanJol  aacilon  tblmigh  Iha  anij  ind  Iba  baaa  of  [ha  Udvot  :  a.  calji,  ttis  limb  of  wblcll 
luiMrarlm:  6,palal;  harlng  tbaaumn,  c,  dlnctl;  baron  Hi  an]  iha  lobn  nf  tbadhc  ua 
•ham  liatKHD  thia  ud  tha  Diarr.  66}.  Aaxad.  US,  Sarlhm  of  tba  aaed ;  ihawlng  tba  [Uck 
tnmcaoui  uau,  and  tba  nlbonwi,  U  Uia  bwa  of  Hhlch  la  llu  minuta  ambrTo.  669.  A  hoil- 
mui  pUo  of  Lha  IVnrai, 
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five,  innited  upon  the  oubride  of  the  diae,  ralrata  in  sidndon, 
aometimes  cohering  by  their  tips,  and  caducous.  SKunem  u 
many  as  the  petals,  and  opposite  tiiem  I  Orary  two-celled,  with 
two  erect  ovules  in  each  cell.  Fruit  a  berry.  Seeds  with  a  booj 
testa,  and  a  small  embryo  in  hard  albumen.  —  Ex.  Vitia  (lbs 
Vine),  Ampelopsis  (the  Virginia  Creeper),  The  fruit  of  the  Vina 
is  the  only  important  product  of  the  order.  The  acid  of  the  gnpe, 
which  also  pervades  the  young  shoots  and  leaves,  is  chiefly  ihe 
tularic.  Grape-sugar  ia  very  distinct  from  cane-sugar,  and  the 
wly  kind  that  can  long  exist  in  ooiutection  with  acids.  — The  syia- 
metry  of  the  flower  is  explained  on  p.  269. 

766.  Ord.  PolTgallCMl  (lAe  Milhoort  Familg).  Herbs  or  shrubby 
plants,  with  simple  entire  leaves,  destitute  of  stipules;  the  root) 
sometimes  with  a  milky  juice.  Pedicles  with  three  bracts.  Flow- 
ers perfect,  unsymmetrical,  and  irregular,  falsely  papilionaceotu. 
Calyx  of  five  irregular  sepals ;  the  odd  one  superior,  the  two  inner 
(wings)  larger,  and  usually  petaloid.    Petals  usually  three,  insened 


1 


on  the  receptacle,  mora  or  less  united ;  the  anterior  (Iced)  largu 

FIG.  ino.  Falffil* [udlnll*-  ^.  A Hami, «alu(^  ST^Ttoalridl^ilirid.  Sin* 
eocollii  toA  lUmLnul  luba  laid  opan.  671.  The  pinll  ud  Iha  &h  imUoD  of  Ua  lUinHa. 
en.  VaniulaKLlonarOHarux.    ITS.  TutkilacUniirLhiHd,  ibitoliit  tlHlv|(imtaq« 
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than  the  rest.  Stamens  six  to  eight,  combined  in  a  tube,  which  ia 
^lit  on  the  upper  side,  and  united  below  with  the  claws  of  the 
petaU:  anthers  innate,  mostly  one-celled,  opening  by  a  pore  at  d>e 
apex.  Ovary  compound,  two^elled,  with  a  single  suspended 
oTule  in  each  cell :  style  curved  and  oAen  hooded.  Capsule  flat- 
tened. Seeds  usually  with  a  caruncle.  Embryo  straight,  large, 
in  Seshy,  thin  albumen.  —  £x.  Poly  gala,  the  type  of  the  order, 
is  dispersed  nearly  throughout  the  world.  A  bitter  principle 
pervades  the  order;  and  many  species  also  yield  an  acrid  ex* 
tractive  matter.  The  Polygala  Senega  {Seneca  Snakerool)  is 
'  tbe  most  important  medicinal  plant  of  the  family.  Other  species 
■re  employed  medicinaUy  in  Brazil,  Peru,  Nepaul,  &x. ;  where, 
like  our  own,  they  are  reputed  antidotes  to  the  biles  of  venomous 
reptiles. 

767.  Ord.  InmerlKetB  (tke  Rhatany  Family)  consists  of  the  genus 
Krameria  only,  which  has  ordinarily  been  (uinezed  to  the  Polyga- 
laces ;  but  it  is  much  nearer  the  Leguminosee,  having  the  odd 
lepal  inferior,  a  simple  unilocular  pistil,  and  an  exalbuminous 
Med.  In  fact  it  is  distinguishable  from  the  latter  only  by  tha 
hypc^nous  stamens  and  the  want  of  stipules.  The  roots  contain 
a  red  coloring  matter,  and  are  astringent  without  bitterness, 
fihatany-root,  used  to  adulterate  port-wine,  and  as  an  mgredient 
m  tooth-powders,  &c.,  is  the  produce  of  K.  triandra  of  Peru. 
That  of  our  own  Southern  E.  lanceolala  possesses  tbe  same  prop- 
erties. 

768.  Old.  legBmiDOM  {tke  PuIk  Familp).  Herbs,  shrubs,  or 
trees,  with  alternate  and  usually  compound  leaves,  furnished  with 
stipules.  Calyx  mostly  of  five  sepals,  more  or  less  united ;  the 
odd  sepal  inferior  (Fig.  383).  Corolla  of  five  petals,  either  papil- 
ionaceouB  or  regular.  Stamens  perigynoua,  or  sometimes  hypogy- 
nous.  Ovary  single  and  simple.  Fruit  a  legume,  various  forms 
of  which  are  shown  in  Fig.  436-446.  Seeds  destitute  of  albu- 
men.—  This  immense  family  is  divided  into  three  principal  sab- 
ordera  ;  viz. :  — 

769.  gaboTd.  Pipilionuta  {the  Proper  Pvlie  Familg) ;  which  has 
tbe  papilionaceous  flower,  already  illustrated  (468,  Fig.  317-321), 
ten  stamens  (or  rarely  fewer),  which  are  diadelphous  (Fig.  30Q), 
sometimes  monadelphous  (Fig.  307,  324),  or  rarely  distinct  (Fig. 
322),  inserted  into  the  base  of  the  calyx.  Radicle  bent  on  the 
large  cotyledons.    Leaves  only  once  compound,  the  leaflets  entire. 
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(£>^  the  Pea,  Bean*  Locoat,  Clorer,  Su:.)  The  Texillum  is  the 
hi^M  petal,  and  eitemal  in  sBtivatioo,  in  all  tiue  papilionaceou* 
eoroUaa,  as  in  the  diagram.  Fig.  382.    But  ia  the 

770.  Slteri.  Ctalpiim  (to  which  Cassia,  Cercis,  and  the  Hose;- 
Locuft  belong),  the  corolla  giaduatly  loses  its  papilionaoeouB  obar- 
acier,  and  always  baa  the  vexiliutn,  or  superior  petal,  covered  by 
tbe  lateral  ones  in  estivation ;  the  slaateoa  are  dlatinct,  and  the 
embryo  straight.    The  lesTea  are  often  iMpianate. 

771.  SibHd.  Wlimr  (a  large  group  to  which  the  Acacia  and  tbe 
Sensitive  Plant  belong)  baa  a  perfectly  regular  calyx  and  corolla, 
tbe  latter  mostly  valvaie  in  Bstivation  and  hypogyoous,  as  well  a*  ' 
tbe  Btameoa,  which  are  soneiimea  definite,  but  oAen  very  nunin> 
eua;  and  tbe  embiyo  is  straighL  Tbe  leaves  are  frequeody  tii* 
pinnate. 

778.  PapilimacMB  ara  found  in  every  part  of  tbe  woild,  tnm 
the  tropics  to  the  frigid  zones :  Cteaalpinese  and  MiauueiB  are  can- 
fined  to  the  tropical  and  warmer  temperate  r^ons.  —  A  full  ac- 
count of  tbe  useful  plants  and  products  of  this  large  order  would 
lequire  a  separate  volume.  Many,  such  aa  Clover,  Lucerne  (Med- 
icago  satiTa),  &c.,  are  extensively  cultivated  for  fodder ;  Peu  and' 
Beans,  for  pulse.  Tberootsof  the  Licorice  (Glycirrhiza  glabra  of 
Southern  Europe)  abound  in  a  sweet  mucilaginous  juice,  rroa 
which  tbe  pectoral  extract  of  this  name  is  prepared.  The  sweet 
pulp  of  the  pods  of  Ceratooia  Sili<)ua  (Caroh-tree  of  tbe  South  of 
Europe,  &c.),  of  the  Honey-Locust  (Gleditschia),  Sue.,  is  likevisa 
faten.  The  luative  palp  of  Cathartocarpus  Fistula,  and  o!  the 
Tamarind,  is  well  known ;  the  latter  is  acidulated  with  malic,  sod 
a  little  tartaric  and  citric  acid.  — A  peculiar  volatile  priocipla 
(called  Cotumarim)  gives  ita  vanilta-like  fragrance  to  the  well-lroowa 
Tonka-beai,  and  to  the  Melilotus,  ot  Sweet  Clover.  The  floweia 
•nd  seeds  of  the  latter  and  of  Trigonella  cerulea  give  tbe  peculiu 
odor  to  Schetpxeiger  cheese. — Astringents  and  tonics  are  alio 
yielded  by  this  order ;  such  as  the  African  Pterocarpus  erinaceui, 
the  hardened  red  juice  of  which  is  Gum  Kino ;  that  of  P.  Diaco,  of 
Cartbagena,  &«.,  ia  Dragon'*  Blood.  Tbe  bark  of  most  Acaciu 
and  Mimosas  contains  a  very  large  quantity  of  tannin,  and  is  lik^ 
1y  to  prove  of  great  importance  in  tanning.  Tbe  vaiuable  astrio- 
f^nt  called  Catechu  is  obtained  by  boiling  and  evaporaiiag  tbs 
heart-wood  of  the  Indian  Acacia  Catechu.  —  Leguminoae  yieM 
tbe  most  important  coloring  tnatters ;  such  as  the  BraxU-mod,  the 
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logwood  of  Campeachy  (the  peouliar  coloring  principle  of  which 
H  cftlted  lf(ma<tn),and  the  Red  SandaUieood  of  Cey\oD.  Most 
important  ofsll  is  Indigo,  which  is  prepared  from  the  fermented 
juice  of  the  lodigofera  tinctoria  (a  native  of  India),  and  also  front 
i.  csnilea,  and  other  species  of  the  genus.  This  substance  is 
higfalj  azotized,  and  is  a  violent  poison.  —  To  the  same  order  we 
an  indebted  for  Tahnble  resins  and  balsams ;  such  as  the  Mexican 
Cop^,  BahtM  of  Copawm  of  the  West  Indies,  Pam,  and  Brazil, 
the  bitter  and  fragrant  Baltam  of  Pern,  and  the  sweet,  fVagrant, 
and  stimulant  BaUam  of  Tola.  —  II  also  furnishes  the  most  useful 
gams ;  of  which  we  need  only  inention  Gum  Dreigaeantk,  derived 
from  Astragalus  verus  of  Persia,  &-c. ;  and  Gum  AraHe,  the  prod- 
Qce  of  numerous  African  species  of  Acacia.  The  best  is  said  M 
be  obtained  from  Acacia  vera,  which  extends  from  Senegal  to 
£g7pt ;  wbile  Gmm  SaugiU  is  yielded  by  A.  Verek,  and  some  other 
species  of  the  River  Gambia.  The  Senna  of  commerce  consists  of 
the  leaves  of  several  species  of  Cassia,  of  Egypt  and  Arabia.  C. 
Harilandica  of  this  country  is  a  succedaneum  for  the  officinal  ar- 
ticle. —  More  aciid,  or  even  poisonous  properties,  are  often  met 
with  in  the  order.  The  roots  of  Baptisia  tinctoria  (called  Wild  In- 
digo, because  it  is  said  to  yield  a  little  of  that  substance),  of  the 
Broom,  and  of  the  Dyers'  Weed  (Genista  tinctoria,  used  for  dying 
yellow),  possess  such  qualities ;  white  the  seeds  of  Laburnum,  &c. 
are  even  narcotico-acrid  poisons.  Tbe  branches  and  leaves  of 
Tephroeia,  and  the  bark  of  the  root  of  Piscidia  Erythrina  (Jamaica 
Dogwood,  which  is  also  found  in  Southern  Florida),  are  commonly 
used  in  tbe  West  Indies  for  stupefying  fish.  Cowilck  is  the  sting- 
ing  hairs  of  the  pods  of  Mucuna  pruriens  of  the  West,  and  M.  pru- 
rita  of  the  East,  Indies.  —  Among  tbe  numerous  valuable  timber- 
trees,  our  own  Locust  (Robinia  Pseudacacia)  must  be  mentioned  ; 
and  also  the  Rosewood  of  commerce,  the  produce  of  a  Brazilian 
species  of  Mimosa.  Pew  orders  furnish  so  many  plants  cultivated 
for  ornament. 

773.  Old.  BsiUM  (the  Rote  Ftmity).  Trees,  shrubs,  or  herbs, 
with  alternate  leaves,  usually  furnished  with  stipules.  Flowers 
regular. —  Calyx  of  five  (rarely  three  or  four)  more  or  less  united 
sepals,  and  ofYen  with  as  many  bracts.  Petals  as  many  as  the  se- 
pals (rarely  none),  mostly  imbricated  in  sstivatioo,  inserted  on  the 
edge  of  a  thin  disc  that  lines  tbe  tube  of  the  calyx.  Stamens  peri- 
gyoouB,  indefinite,  or  aometimes  few,  distinct.    Ovaries  with  aoii- 
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lary  or  few  ovalea :  styles  often  lateral.  Albumen  nooe.  Est 
bryo  straight,  with  broad  and  flat  or  plano-convex  cotyledons  (Pig, 
457). — This  important  order  is  divided  into  four  subonieni 
YiT. :  — 

774.  Saboid.  ChrjwhlllieB  {the  Cocoa-plim  Family).  Oruj 
solitary,  free  from  the  calyx,  or  else  cohering  with  it  at  the  ben 
on  one  side  only,  containing  two  erect  ovules  :  style  arising  fron 
the  apparent  base.  Fruit  a  drupe.  Trees  or  shrubs.  —  Ex.  Chry- 
sobalanus. 

775.  SnbOtd.  Amfgdlles  {the  Almond  or  Plum  Family).  Orary 
solitary,  free  from  the  deciduous  calyx,  with  two  suspended  ovules, 
aai  a  terminal  style.  Fruit  a  drupe  (Fig,  447,  448).  Trees  or 
shrubs,  —  Ex.  Amygdalus  (the  Almond,  Peach,  &c.),  Pmaus  (the 
Plum),  Cenisus  (the  Cherry). 

776.  Sobord.  Sotutn  pnpa.    Ovaries  several,  numemuB,  or  mie- 


iti,  Incnubf  In  ilie,  fonm  the  pulpj,  a 
rurfBcfl'  STB.  Ond  of  the  urpeli  nHfallM.  aboving  the  Itf 
of  Ihg  Blukbcrrr  (Rubui  riUoni}.  wllh  i  lonfitudlrulMciion  :  ban  Iba  •tnncuol  nctpu 
doH  iwl  enlarge,  bul  the  onriei  bKoDH  drapn,  ffll.  Seellon  oC  Iha  endourp ;  IbeuTllI 
which  !•  BUed  by  Iha  iskI,  and  Uial  l>)>  the  «iii1)rro,  wllh  Ita  larga  cMjMont.  tS!.  t  Do 
of  BangulaDrtia  Onadenab,  nlugHl-    Cai,  Tanlcal  aecUin     '  '  .... 


Ui|*  •mbrro  BUIng  tka  ■ehnlum. 
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ly  solitary,  free  rrom  the  calyx  (which  is  o(\eD  bracteolate,  as  i 
double),  but  sometimes  iacloaed  in  its  persistent  tube,  ia  fruit  be- 
cnniog  either  follicles  or  achenia.  Styles  terminal  or  lateral 
Herbs  or  shrubs.  —  The  three  tribes  of  this  suborder  are  Tribe  1. 
Sfibe£,  where  the  fruit  is  a  follicle.  Ex.  Spinea  aud  Gilleuia. 
Tribe  2.  Dbtadea,  where  the  fruits  are  achenia,  or  sometimes 
little  drupes,  and  when  numerous  crowded  on  a  conical  or  hem- 
ispherical torus.  Ex.  Dryas,  Agrimonia,  Potentilla,  Pragaria 
(Strawberry),  Rubus  (Raspberry  and  Blackberry).  Tribe  3.  Ro- 
se.*, where  numerous  achenia  cover  the  hollow  torus  which  lines 
the  um-shaped  calys-tube  ;  and  the  latter,  being  contracted  at  the 
mouth,  and  becoming  fleshy  or  berry-like,  forms  a  kind  of  false 
pericarp ;  as  in  the  Rose. 

T77.  Snbnd.  FomNE  (the  Pear  Family).  Ortfries  two  lo  five,  or 
rarely  solitary,  cohering  with  each  other  and  with  the  thickened 
and  fleshy  or  pulpy  calyx-tube ;  each  with  one  or  few  ascending 
seeds.  Trees  or  shrubs.  —  Ex.  Crattegus  (the  Thorn),  Cydonia 
(the  Quince),  Pyrus  (the  Apple,  Pear,  &c.). 

778.  This  important  order  is  diStised  through  almost  every  part 


of  the  world ;  but  chiefly  abounds  in  temperate  climates,  where  it 

no.  €81.  THik*lH:UMiDruiiuiaTpU)dH]RoH,*t»*Ingl)M«l»cbai«iiorihDeutal(ta 
tht  lining  of  (ha  ulr'-uibo,  anil  oflhn  ■tameiii  ud  peuli  lo  lu  nimmli  orxlga.  ^ii.  Vcniu] 
HUlon  nf  [ha  fnill  of  Iha  QoliKa,  iiblHllng  Lhn  caipoli  Imtglad  bj  tbo  ihtehsngd  ul}>i  vhlcb 
faenntheadiUsiiaRDf  Diafnill;  Dna  af  tha otuIh  bid  i1i»d  to  gbow  Iha  wala,  Gae.  A  i»(- 
nlGalntil;  ihe  rhaphi  uid  chilua  ciKuplcaoiu.  GST.  Th*  onibrro.  £33.  Crav-ieciloD  oT  Ul 
>K)I*.    09.  Ftainr,&c.  artlHAinarlcuCnb«pt4g(P}ni«ci>miuU). 
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furniahea  the  most  imporlaDt  fruits.  It  is  destitute  of  unwholesome 
qualities,  with  one  or  two  exceptions ;  viz. :  —  1st  The  but, 
leaves,  and  kernel  of  Amygdalece  contain  prussic  acid,  as  is  indicat- 
ed by  their  peculiar  odor,  —  a  trace  of  which  is  perceived  idmim 
species  of  Spima,  and  in  the  Mountain  Ash,  Slc.,  among  PonKs; 
and  2d.  The  root  of  Gillenia  (Bowman's  Root,  Indian  Phync)  ia 
emetic  in  large  doses,  but  in  small  doses  it  actA  as  a  tonic.  IV 
bark  and  root  in  all  are  astringenL  The  bark  of  Amygdales  also 
exudes  gum.  That  of  the  Wild  Black  Cherry  is  febrifugal ;  and  the 
timber  is  useful  in  cabinet'work.  The  leaves  of  Cerasus  Carolini* 
ana  contain  so  much  prusaic  acid  as  to  destroy  cattle  that  feed  upon 
them.  It  takes  the  place  in  this  country  of  the  Cerasus  LaunHM> 
rasus  (Cherry-Laurel)  of  the  Old  World,  from  which  the  poisonous 
Laurel-wiaier  and  the  virulent  Oil  of  Laurel  are  obtained,  Sweel 
and  bitter  almonds  are  the  seeds  of  varieties  of  Amygdalas  com- 
munis (indigenous  to  the  East),  differing  In  the  quantity  of  the 
prusaic  acid  they  contain  :  the  oil  of  the  former  resembles  otife.«il ; 
that  of  the  latter  is  a  deadly  poison.  Of  the  Peach,  Apricot,  Nee- 
farine,  Plum,  and  Cherry,  it  is  unnecessaiy  to  speak.  The  kemeli, 
as  well  as  the  flowers,  of  the  former,  especially,  abound  in  prunic 
acid.  —  The  atrawberry,  raspberry,  and  blackberry  are  the  princi- 
pal fruits  of  the  proper  Rosacen.  The  leaves  of  Rosa  centifotia 
are  more  commonly  distilled  for  Rote-tDoter :  and  Atlar  of  Rota 
is  obtained  from  R.  Damascena,  &c.  —  Pomaceous  fruits,  such  as 
the  apple,  pear,  quince, aervicea,  medlar,  &c.,  yield  to  none  in  im- 
portance :  their  acid  is  usually  the  malic. 

779.  (M.  CllfeaDlhaeea.  Shruha,  with  quadrangular  steoM 
(which  when  old  exhibit  four  axes  of  growth  exterior  to  the  old 
wood),  opposite  entire  leaves  without  stipules,  and  solitary,  axillary 
and  terminal,  lurid  flowers.  Catyx  of  numerous  somewhat  thick- 
ened colored  sepals,  in  several  rows,  confounded  with  the  petals, 
all  united  below  into  a  fleshy  tube  or  cup,  bearing  numerous  sta- 
mens upon  its  rim.  Outer  stamens  with  adoate  extroise  anthers: 
the  inner  sterile.  Ovaries  indefinite,  two-ovuled,  becoming  hard 
achenia  in  fmit,  inserted  on  the  whole  inner  surface  of  tbe  disc 
which  lines  the  calyx-tube,  in  which  they  are  inclcee'd',  as  in  tbe 
Rose.  Albumen  none.  Cotyledons  convolute.  —  Consists  of  two 
genera;  namely,  Calycanthus  (Carolina  Allspice,  Sweet-scent- 
ed Shrub,  &.C.),  and  Chimonanthus,  of  Japan.  They  are  culu- 
vated  for  their  fragrant  flowers.    The  bark  and  foliage  of  Caly- 
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eanthiia  exhale  a  camphoric  odor ;  and  the  floweis  a  fragrance 
not  unlike  that  of  straw  berries. 


TBO.  Old.  KrrllfeiB  (tke  Myrtle  Family).  Trees  or  shrubs,  with 
o^MMite  and  simple  entire  leaves,  which  are  punctate  with  pellucid 
dots,  and  usually  furnished  with  a  vein  ninning  parallel  with  and 
close  to  the  margin  ;  without  stipules.  Calyx>tube  adherent  to  the 
corapouod  ovary ;  the  limb  four-  or  live-cleft,  valvate  in  Rstivation. 
Petals  four  or  five,  or  sometimes  wanting.  Stamens  indefinite, 
usually  with  long  filaments,  and  small  round  (introrse)  anthers. 
Stjie  one.  Seeds  usually  numerous,  destitute  of  albumen.— 
Ex.  Myrtus,  the  Myrtle,  is  the  most  familiar  representative  of  thia 
beautiful  tropical  and  subtropical  order;  which  is  well  distinguished 
tnta  its  allies  by  its  opposite  dotted  leaves  and  aromatic  proper- 
lies.  The  species  abound  in  a  pungent  and  aromatic  volatile  mi, 
and  an  astringent  principle.  Chvei  are  the  dried  flower-buds  of 
Caryophyllus  aromalicus.  Pimmlo  (Allspice)  is  the  dried  fruit  of 
Eugenia  Pimenta.     CajepiU  oH,  a  poweiful  sudorific,  is  distilled 


no.  Na  FIswRiorCdrculbuflorldui.  891.  VnllcsiliKLlDII  of  ■  Somr,  ihiiwliii  lb* 
VObw  novpMcl*.  Ac  ;  tba  Uonl  BTilapaa  cut  inf.  Mi.  <t  Muiwa,  Haa  fron  wtthnu. 
W  A  ptaU.  «ft4.  Sactioo  of  i)h  onrj,  ihoirlBC  tba  tn  mnUiK  onka.  flSG.  Tbo  do«< 
p]|l-•lu^ad  rK4pueli  In  fruit,  (at.  A  nitlul  isctlon  at  u  lehinlum,  •honing  tba  tmbtja  oT 
UoiMd.    W.  CnBO-iKtliia  of  u  nitirjo,  ihawliicthafliial/caanilulacatlladDna. 
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from  the  leaves  and  fruit  of  a  Melaleuca  of  the  Moluccas.  Nu- 
merous AiistTalian  species  of  Bucslyptus,  which  compose  a  great 
part  of  the  forests  of  that  country,  yield  a  lai^  quantity  of  laniun. 
The  aromatic  fruits  of  many  species,  filled  with  sugar  and  muci- 
lage, and  acidulated  with  a  free  acid,  are  highly  prized  ;  such,  fat 
instance,  as  the  Pomegranate,  the  Guara,  Rose-Apple,  &«. 

781.  Old.  nelutamitceie.  Trees,  shrubs,  or  herbs,  with  oppositt 
ribbed  leaves,  and  showy  flowers,  with  as  many  or  twice  as  many 
stamens  as  petals ;  the  anthers  mostly  appendaged  and  opemog  by 
pores,  inflexed  in  (estivation :  further  distinguished  from  Myrtacee 
by  the  leaves  not  being  dotted  ;  and  from  Lythracete  by  the  adna- 
tion  of  the  calyx-tube  (at  its  nerves  at  least)  with  the  ovaiy.— 
Ex.  The  beautiful  species  of  Rhexia  represent  this  rema^bls 
order  in  the  United  States :  all  the  rest  are  tropical.  The  berries 
of  Melastoma  are  eatable,  and  tinge  the  lips  black,  like  whoillt- 
berries ;  whence  the  generic  name. 

782.  Ord.  LyUmtCB  (the  Looialrife  Famils/)  is  distinguidwd 
among  these  perigynous  orders,  with  exalbuminous  seeds,  by  ila 
tubular  calyx  inclosing  the  2 -4-celled  ovary,  but  entirely  free  from 
h.  The  styles  are  perfectly  united  into  one :  the  fruit  is  a  thia 
oftpsule.  The  stamens  are  inserted  on  the  tube  of  the  calyx  below 
thepetals.— £z.  Lythrum.    Chiefly  tropical,  of  little  consequeoee. 

763.  IM.  BhlnphonteK  {the  Mangrove  FamUy)  consists  of  a  few 
tropical  trees  (extending  into  Florida  and  Louisiana),  growing  in 
maritime  swamps ;  with  the  ovary  often  partly  free  from  the  ca> 
lyi,  two-celled,  with  two  pendulous  ovules  in  each  cell ;  they  an 
remarkable  for  their  opposite  leaves,  with  interpetiolar  stipules, 
and  for  the  germination  of  the  embryo  while  within  the  pericarp 
(645).  —  Ex.  Bhizophora,  the  Mangrove  (Fig.  1^8).  The  astrin- 
gent bark  has  been  used  as  a  febrifuge,  and  for  tannmg. 

784.  Old.  GombnUnB  consists  of  tropical  trees  or  shrubs  (which 
have  one  or  two  representatives  in  Southern  Florida),  often  apela- 
lous,  but  with  slender  colored  stamens ;  dbtinguishable  from  any 
of  the  preceding  orders  of  this  group  by  their  one-celled  ovary, 
with  several  suspended  ovules,  but  only  a  solitary  seed,  and  con- 
volute cotyledons.  —  Ex.  Combretum.  Some  species  cultivated 
for  ornament ;  some  are  used  by  tanners.  The  seeds  of  Termioa- 
lia  Catappa  (which  extends  into  Florida)  are  eaten  like  almonds. 

785.  Old.  Onigraas  {the  Eeenuig-Primme  Family),  Herbs,  or 
rarely  shrubby  plants,  with  alternate  or  opposite  leaves,  not  dotted 
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Mr  fijmisbed  with  sdpulea.  FIowctb  usually  ahowy,  tetnmeroui, 
Calyz  adherent  to  the  ovary,  and  usually  produced  beyond  it  into 
a  tube.  P«tals  usually  four  (rarely  three  or  six,  occasionally  ab- 
nnt),  and  the  staraeiw  as  many,  or  twice  as^niany,  ioserted  into 
the  throftt  of  the  calyx.  Ovary  commonly  four-celled :  styles 
united ;  tbe  stigmas  four,  or  united  into  one.  Fruit  mostly  cap- 
illar.—  Ex.  Chiefly  an  Americaa  order;  many  are  ornamental 
io  cultivation.  Fuchua,  remarkable  for  its  colored  calyx  and  ber- 
ried fruit ;  (Enolhera  (Evening  Primrose) ;  Epilobium,  where  tbe 
seeds  bear  a  coma ;  Gaura,  where  the  petals  are  often  irregular ; 
Ludwigia,  which  is  aometimea  apetalous ;  and  Circoa,  where  the 
lobes  of  the  calyx,  petals,  stamens,  cells  of  the  ovary,  and  the 
seeds,  are  reduced  to  two ;  showing  a  connection  with  tbe  appended 


786.  Snbord.  HalongEC)  which  are  a  sort  of  reduced  aquatic 
Onagracete,  often  apetalous :  the  solitary  seeds  fumished  with  a 
little  albumen,  as  in  Myriophyllum  (Water- Milfoil)  and  Hippuiis* 
(Horse-tail),  where  the  timb  of  tbe  calyx  is  almost  wanting;  the 
petals  none ;  the  stamens  reduced  to  a  single  one,  and  the  ovary 
to  a  single  cell,  with  a  solitary  seed, 

Fia  S9B.  Flnnr  of  (Eanlian  fnnlcsa.  Sm.  Tlw  mom,  ■boot  th*  uiim]  die,  whk  iha 
fMatanmarad.  TDQ.  Hifniawl (niu of  palbB,  <rilb oddh of  Uh  IbuimIxb] hUdIu  tbMte. 
XH.  On»4MII«iiBflbt  fll>^M•d•Ml  fcuc-oUad  »!>«>•■ 

PIO.  rat.  Htpparti  Tiil{ub  (Hbndar  (blmcM).  'OX  Hafniaad  Dornr,  iriih  Uia  nb- 
lmi)\afiml,    71%  Vutlcal mcUod oTtte vmr.    nSL  VMkJilaKlloaoflb*lhdliiid«ad. 
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.  787.  M.  CutMCS  (lA«  CaeOu  FamUtf).  Succulent  ihiubbf 
plants,  pecutiftr  in  habit,  with  spinoua  buds,  uauiilly  leafiew;  ihe 
Me  me  either  ■ubgloboae  and  many-angled,  columiutr  with  several 
angles,  or  flattened  and  jointed.  Flowers  uaually  lai^  and  sbovy. 
Calyx  of  numerous  sepals,  imbricated,  coherent  with  and  crowning 
the  one-celled  ovary,  or  covering  its  whole  surface  ;  the  inoerun- 
ally  confounded  with  the  indefinite  petals.  Stamens  iade&nite, 
with  long  fitamenti,  cohering  with  the  base  of  the  petals.  Stfia 
nnited:  stigmas  and  parietal  placents  severaL  Fruit  a  beny. 
Seeds  numerous,  with  little  or  no  albumen.  —  All  American,  tbs 
greater  part  Mexican  or  on  the  borders  of  Mexico.  The  comnno 
Opuniia  (Prickly  Pear)  extends  north  to  New  Englaad.  The  ow- 
dlaginous  fruit  ia  eatable. 

788.  Ord.  DnillllBCeB  {tie  GooKhary  Family).  Small  ihrubi, 
either  spiny  or  prickly,  or  unarmed  ;  with  alternate,  paloMtely- 
lobed  and  veined  leaves,  usually  in  fascicles,  often  sprinkled  villi 


resinous  dots.    Flowers  in  racemes  or  small  clusters.    Calyx-tube 


FIQ.  7m.  Tha  OuMlMfiT  (RIbM  Un-crii[>) ;  ■  hnnch  In  Doint.  Vn.  Bmcb  ^  «»■ 
ns.  Thscdji.tMfliif  lli*pouli>ul«u»M,  cut  Bmr  ftomUunininllor^taoniTl'O^ 
ud  Uld  opu.  710,  ni.  SacUoai  aTllia  uniipg  fhill.  711.  Mi(iiIBb1  Md  (•huoI'^ 
713.  Tbe  (uu  rrom  i)»  ripg  fnii,  irhm  Iha  rhipba  apuuai  ftom  Uu  ■Mi  itf  ibiMiat 
(bmaiMnDrihefurilcului.  714.  Lon^iuliul  HCliin  or  Uu  luiWf  ahoalDC  >>>■ '^''"''' 
\xja  Bt  Uh  uinmiif  ofUi*  ■Utunait. 
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adherent  to  the  one-celled  ovary,  and  more  or  less  produced  be- 
jood  ii,  five-lobed,  sometimes  colored.  Petals  (small)  and  stamena 
fire,  inserted  on  the  calyx.  Ovary  with  two  parietal  placentn : 
atyles  more  or  less  united^  Fruit  a  msny-seeded  berry,  crowned 
with  the  shrivelled  remains  of  the  flower.  Embryo  minute,  in 
hard  albumen.  —  Ex.  Ribes  (Gooseberry  and  Current),  Nativei 
of  temperate  and  colder  regions,  chiefly  of  the  northern  hemi- 
sphere. Never  unwholesome :  the  fruit  usually  esculent,  contain- 
ing  mucilaginous  and  saccharine  pulp,  with  more  or  less  malic  or 
citric  acid.  Several  Oregon  and  CaUfomian  species  are  showy  in 
cultivation. 

789.  Old.  ImuMB.  Herbs  usually  clothed  with  rigid  or  stiog- 
ing  hairs ;  the  leaves  oppo»te  or  alternate,  without  stipules ;  the 
flowers  showy.  Calyx-tube  adherent  to  the  one-celled  ovary ;  the 
lionb  mostly  five-parted.  Petals  as  many,  or  twice  as  many,  as  the 
lobes  of  the  calyx.  Stamens  perigynous,  indefinite,  and  in  several 
parcels,  or  sometimes  definite.  Style  single.  Ovary  with  three 
to  five  parietal  placentee.  Seeds  few  or  numerous,  albuminous.  ^ 
Ex.  LoBsa,  Hentzelia,  Cevallia;  the  latter  with  solitary  seeds  and 
no  albumen.  All  American,  and  in  the  United  States  nearly  con- 
fioed  to  the  regions  beyond  the  Mississippi.  The  bristles  of  Loasa 
Btitig  like  nettles. 

790.  Ord.  TuuneCB.  Herbs,  with  the  habit  of  Cistus  or  Heli- 
antheroum ;  the  sltemate  lesves  without  stipules.  Flowera  solita> 
ly,  showy.  Calyx  five-lobed ;  the  five  petals  snd  five  stamens  in- 
aerted  oo  its  throat  Ovary  free  iVom  the  calyx,  one-celled,  with 
three  parietal  placentn.  Styles  distinct,  commonly  branched  or 
many-clen  at  the  summit.  Fruit  a  Ihree-valved  capsule.  Seeds 
numerous  (anatropous),  with  a  crustaceous  and  reticulated  testa, 
and  a  membranaceous  aril  on  one  side.  Embryo  in  fleshy  albu< 
men.  —  Ex.  Tumera,  of  which  there  is  one  species  in  Georgia. 

791.  Old.  PaniflonctE  (the  Paaswn-fiower  Family).  Herbs,  or 
sonwwhat  shrubby  plants,  climbing  by  tendrils ;  with  alternate,  en- 
tire, or  palmately  lobed  leaves,  mostly  furnished  with  stipules. 
Flowers  ofien  showy,  sometimes  involucrate.  Calyx  mostly  of 
five  sepals,  united  below,  free  from  the  one-celled  ovary;  the 
throat  bearing  five  petals,  and  a  filamentous  crown.  Stamens  as 
many  as  the  sepals,  monadelphous,  and  adhering  to  the  stalk  of 
the  ovary,  which  has  usually  three  club-shaped  styles  or  stigmas, 
and  as  many  parietal  placentn.    Fruit  mostly  fleshy  or  berry-like. 
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Seedi  numerous,  with  a  brittle  aculplured  teata,  incloaed  in  palp. 
Embryo  inclosed  in  thin,  fleshy  albumm.  —  E*.  Pasiiflon  (iho 
Pusion-flower,  Granadilla) :  nearly  nil  nndraa  of  tropical  Amer- 
ica. Two  species  an  found  as  far  north  aa  Virginia  and  Ohio. 
Many  are  cultivated  for  their  singular  and  showy  flower*.  The 
acidulous  refrigeraat  pulp  of  Passiflora  quadrengularis  (the  Gnaa- 
dilia),  P.  edulia,  end  others,  is  eaten  in  the  West  Indies,  &&  Bm 
the  roots  are  emetic,  narcotic,  and  poisonous.  They  coDlain  a 
principle  resembling  morphine,  which,  in  some  species,  extends 
sren  to  the  flowers  and  Truit, 

792.  Old.  Pspaficen  comprises  merely  a  small  genus  of  tropical 
diocious  trees,  of  peculiar  character  :  the  principal  one  is  the  Pa- 
paw-tree  (Carica  Papaya)  of  tropical  America,  which  has  been 
introduced  into  East  Florida.  The  fruit,  when  cooked,  is  eatable ; 
but  the  juice  of  the  unripe  fruit,  as  well  as  of  other  parts  of  the 
plant,  is  a  powerful  vermifuge.  The  juice  contains  so  much  fibrins 
that  it  baa  an  extraordinary  resemblance  to  animal  matter:  meat 
washed  in  water  impregnated  with  this  juice  is  rendered  tender; 
even  the  exhalations  from  the  tree  produce  the  seme  effect  upon 
meat  suspended  among  the  leaves. 

793.  Ofd.  OHfiUbitaeca  (the  Gourd  Family).  Juicy  herbs,  climb- 
ing by  tendrils ;  with  alternate,  palmalely  veined  or  lobed,  rough 
leaves,  and  moacecious  or  dioecious  flowers.  Calyx  of  four  or  five 
(rarely  six)  sepals,  united  into  a  tube,  and  in  the  fertile  flowen 
adherent  to  the  ovary.  Petals  as  many  aa  the  sepals,  commonly 
more  or  less  united  into  a  monopetalous  corolla,  which  cohere* 
with  the  calyx.  Stamens  five  or  three,  inserted  into  the  base  of 
the  corolla  or  calyx,  either  distinct  or  variously  united  by  their  fila- 
ments, and  long,  sinuous  or  contorted  anthers.  Ovary  two-  to  five- 
celled  (rarely  one-celled  by  obliteration,  and  evea  one-ovuled) ; 
the  thick  and  fleshy  placentGe  often  filling  the  cells,  or  diverging 
before  or  after  reaching  the  axis  and  carried  back  so  as  to  reach 
the  walls  of  the  pericarp,  sometimes  manifestly  parietal ;  the  i»- 
sepiments  oAen  disappearing  during  its  growth:  stigmas  thick, 
dilated  or  fringed.  Fruit  (pepo,  613)  usually  fleshy,  with  a  hard 
rind,  sometimes  membranous.  Seeds  mostly  flat,  with  no  alba- 
iDen.  Embryo  straighu  Cotyledons  foliaceous.  —  £c.  The  Pump- 
kin and  Squash  (Cucurbita),  Gourd,  Cucumber,  and  Melon.  Whea 
the  acrid  principle  which  prevails  throughout  the  order  is  greatly 
difiused,  the  fruits  are  eatable  and  sometimes  delicious :  when  aut- 
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ecDtnted,  as  ill  the  Bottle  Gourd,  Bryony,  &c.,  they  are  danger- 
ous or  actively  poisonous.  The  officinal  Coioeynth^  a  resinoid,  bi^ 
ter  extract  from  the  pulp  of  Cucumis  Colocynthis  (of  the  Levant, 
India,  &c.),  is  very  acrid  and  poisonous  ;  and  Elaterium,  obtained 
from  the  juice  of  the  Squirting  Cucumber  (Momordica  Elaterium 
of  the  South  of  Europe),  is  still  more  violent  in  its  effects.  Mo- 
mordica Balsamina  (the  cultivated  Balsam-Apple)  conlaina  the 
ume  principle  in  smaller  quantity.    The  seeds  of  all  are  hannless. 


794.  Old.  CramtllceB  {the  Orpine  Family).  Herbs,  or  slightly 
shrubby  plants,  mostly  fleshy  or  succulent ;  with  scattered  leaves, 
and  flowers  usually  in  cymes  or  racemes.  Calyx  of  three  to 
twenty  sepals,  more  or  lees  united  at  the  base,  free  from  the  ova- 
ries, persistent.  Petals  as  many  as  the  sepals,  rarely  combined 
into  a  monopelalouB  corolla.  Stamens  as  many  or  twice  as  many 
as  the  sepals,  inserted  with  the  petals  on  the  base  of  the  caljrx. 
Pistils  always  as  many  as  the  sepals,  distinct,  or  rarely  (in  Pentho- 
nun  and  Diamorpba)  partly  united  :  ovaries  becombg  follicles  in 
fruit,  several -seeded.  Embryo  straight,  in  thin  albumen.  —  Eg. 
Sedum  (Stone-crop,  Orpine,  Live-for-ever),  Crassula,  Sempervi- 
Tum,  or  Houseleek,  &o.  Distinguished  by  their  completely  sym- 
metrical  flowers,  on  which  account  they  have  already  been  illus- 
trated (449,  450).  They  mostly  grow  in  arid  places  :  of  no  eco- 
nomical importance. 

FIO.  7IG.  SUniluu  JIainc  of  llu  Ooard ;  t)M  calji  lod  cnolk  cat  amr.  HS.  Cn»Ne- 
llm  oflli*  DBilwl  *mben.  nS.  Sepuiu  lUmen  of  tba  Miloa,  TIB.  EecUoo  of  Ih*  OTUT  0^ 
Uw  Oourd.    no.  FUo  of  o»  of  Uu  ihna  cauUiuMit  cupek. 
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795.  M.  Bul&ipMC  {the  Saxifrage  Family).  Herfaa  or  ahraba, 
Tilh  alternate  or  oppoBita  leavsa.  Calyx  of  four  or  five  more  or 
lew  united  Kpab,  either  free  from  or  more  or  leas  adherent  to  tba 
ovary,  persiatent.  Petala  as  many  aa  the  aepala,  rarely  wantUg. 
Stamena  aa  many,  commonly  twice  as  many,  or  nrely  three  or 
bur  times  as  many,  as  the  aepala,  perigynous.  Ovaries  mostly 
two  (aometimea  thres  or  four),  usually  uoited  below  and  distinct  at 
die  summiL  Seeds  oumeroua,  with  a  straight  embryo  in  fieaby 
albumen.     There   are  three  principal  divisions,  or  suborders ; 


796.  SnboH.  BarifneCB  {the  true  Saxifrage  FamUg).  Heiba. 
Petals  imbricate  in  mstivalion.  Capsule  (when  the  carpels  are 
united)  either  iwo^elled  with  the  placents  in  dte  axis,  or  cme- 
celled  with  parietal  placeotffi.  —  Ex.  Saxifraga,  SuUivantla  (Pig. 
721),  Heuchera.  Of  little  consequence,  except  as  ornamental 
plants.  The  roots  are  generally  astringent;  powerfully  so  in 
Heuchera,  especially  in  the  common  H.  Americana  (sometimes 
called  Alum- root). 

Fia.  T».  SnltlfullkOhloBli.  m.  FlDVMiritlilhg  ulfi  Uld  opn,  ■HHvtau  anliriid. 
T33.  Fruit  nmuiidid  br  Iba  pgnManl  ciifi  and  niDwmt  jmul*.  inluf nd.  TW.  SduIsb  at 
On  iHinr  put  of  ihg  upnila,  dii(iiLIM;  rimwioi  lb*  »nlnl  plwnu  carend  shli  lb*  h- 
undiiwMdL    739.  AmKniasd  HttLollhluullnLu,  iriDi'llkslHU.    7%.  SkUdd  of  llw 
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797.  Ritni.  HfdiaBgHB  (the  Hydrangea  PamJy).  Shrubs.  Pe^ 
tlsvalvaie  in  Eestivatioa.  Capsule  two-  (rarely  five-  to  ten-)  celled : 
dw  styles  or  stigmas  distinct  or  united.  Stamens  sometimes  nu- 
toerous.  ^  Ex.  Hydrangea,  Decumaria. 

798.  gttbOfd.  PhUadelpbCB  {the  Mock  Orange  Family).  Shrubs. 
Petals  convolute  in  Rstivation.  Capsule  three-  or  four^celled : 
Biylea  more  or  less  united.  Stamens  mostly  numerous.  —  Ex. 
Pbiladelphus,  the  Mock  Orange. 

799.  Ord.  HamunelaMa  {the  Witeh-Hatel  Family).  Shrubs  or 
■mall  trees,  with  alternate  simple  leaves,  without  stipules.  Flow- 
ers often  polygamous.  Petals  valvate  in  testivation.  Stamens 
twice  as  many  as  the  petals,  half  of  them  sterile ;  or  numerous, 
and  the  petals  none.  Summit  of  the  ovary  free  from  the  calyx,  a 
■ingle  ovule  suspended  from  the  summit  of  each  cell :  styles  two, 
distinct.  Capsules  cartilaginous  or  bony.  Seeds  bony,  with  a 
small  embryo  in  bard  albumen.  —  ^.  Haniaineli8(Witch-Hazel), 
Fotbergilla.  A  small  order,  of  little  importance.  Hamamelis  is 
remarkable  for  flowering  late  in  autumn,  just  as  its  leaves  are 
falling,  and  perfecting  its  fruit  the  following  spring. 

600.  Ord.  Dmbelllfcrs  {the  Partley  FamUy).  Herbs,  with  hot- 
low  stems,  and  alleniate,  dissected  leaves,  with  the  petioles  sheath- 
ing or  dilated  at  the  hose.  Flowers  in  simple  or  mostly  compound 
umbels,  which  are  occasionally  contracted  into  a  kind  of  head. 
Calyx  entirely  coherent  with  the  surface  of  the  dicarpellaiy  ovary ; 
its  limb  reduced  to  a  mere  border,  or  to  five  small  teeth.  Petals 
five,  valvate  in  testivalion,  inserted,  with  the  five  stamens,  on  a  disc 
which  crowns  the  ovary ;  their  points  inflexed.  Styles  two ;  their 
bases  often  united  and  thickened,  forming  a  stylopodiura.  Fruit 
dry,  sepaiBling  from  each  other,  and  ofien  from  a  slender  axis 
{carpophore),  into  two  indehiscent  carpels  (called  mericarpt)  :  the 
face  by  which  these  cohere  receives  the  technical  name  of  com- 
miiiure  :  they  are  marked  with  a  definite  number  of  ribg  {jvga), 
which  are  sometimes  produced  into  wings :  the  intervening  spaces 
{intervali),  as  well  as  the  commissure,  sometimes  contain  canals 
or  receptacles  of  volatile  oil,  called  vitta  :  these  are  the  principal 
terms  peculiariy  employed  in  describing  the  plants  of  this  difficult 
family.  Embryo  minute.  Albumen  bard  or  corneous.  —  Ex.  The 
Carrol,  Parsnip,  Celery,  Caraway,  Anise,  Coriander,  Poison  Hem- 
lock, &c.  are  common  representatives  of  this  well-known  family. 
Nearly  all  Umbelliferous  plants  are  furnished  with  a  volatile  oil  oi 
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balsam,  chiefly  accumulated  in  the  lools  and  ia  the  reaervoin  of 
the  fruit,  upoD  which  their  aromatic  and  carminatiTe  propertiei 
depend  :  sometimes  it  is  small  in  quantity,  so  as  merely  to  Aator 
the  saccharine  roots  which  are  used  for  food  ;  as  in  the  Carrot  sod 
Parsnip.  But  in  many  an  alkaloid  principle  exists,  perrading  the 
foliage,  stems,  and  roots,  especially  the  latter,  which  renders  tbein 


acrid  •narcotic  poisons.  And  finally,  many  species  of  warm  re- 
gions yield  odorous  gum-resins  (such  as  Galbanum,  Assafiielida, 
die.),  which  have  active  stimulant  properties.  The  stems  of  Cel- 
ery (Apium  graveolens),  which  are  acrid  and  poisonous  when  llw 
plant  grows  wild  in  marshes,  Slc,  are  rendered  innocent  byculli* 
Yation  in  dry  ground,  and  by  blanching.  Among  the  virulent 
Bcrid-narcotic  species,  the  most  famous  are  the  Hemlock  (Conium 
maculatum,  naturalized  in  this  country),  and  Cicuta  maculats 
(Cowbane,  Water- Hemlock)  indigenous  to  this  country,  the  root 
of  which  (like  that  of  the  C.  virosa  of  Europe)  is  a  deadly  pol- 

Fia.  7ST.  OoniiiniinuiilUum(Fol«iiHginl«k),>pon!oDDrtba>p(XUdiuiii,irt1hl1iifi 
■nd  ID  uoibsl  with  joun;  fruM.  7%  A  flowei  unbidgt.  733.  A  Bdwbt,  enbrfs^.  7X.  Tbi 
frail.  731.  Cnii  weilon  of  Ibt  iuim,  iluwlnf  tba  iDnhni  (MiJ*q>enwnii)  innii»  of  On 
two  HeilL  73a.  LiHigiuidlnl  «k(1od  of  ooa  loeriuip,  uhlblllat  tba  mlnuu  oiiiIiiT°  iw  >^ 
■pax  sf  Ibe  iLlbiuiiaii. 
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mm.    A  dmehm  of  the  firesh  root  has  killed  a  bojr  in  less  than 
iwo  boura. 


601.  flrd.  tralllCCSt  {the  ^tenant  Family).  A  amnll  family, 
acarcely  dlfieiing  from  Umbellifene  in  botanical  character,  except 
that  the  ovary  is  mostly  composed  of  more  than  two  carpels,  which 
do  not  separate  when  ripe,  but  become  drupes  or  berries;  and 
tite  albumen  is  not  hard  like  horn,  but  only  fleshy.  — £x.  Aralia 
(the  Spikenard,  the  Wild  Sarsaparilla,  and  the  Angelica-troe), 
Panax  (Ginseng),  and  Hedera  (the  Ivy).  Their  properties  are 
aromatic,  stimulant,  somewhat  tonic,  and  alterative. 


802.  Old.  ConiinB  {the  Come/  Family).  Chiefly  trees  or  shrubs ; 
with  the  leaves  almost  always  opposite,  destitute  of  stipules.  Plow- 
era  in  cymes,  sometimes  in  beads  surrounded  by  colored  involu- 
cres.   Calyx  coherent  with  the  two-celled  ovary ;  the  very  small 

FIO.  T33L  Flomr  sT  OnnwThln  bngliirlli.  734.  Uinba]  oTibBMimlDrnill;  a,  tha  inro. 
Inceb.  736.  ^ta  rip*  iiHrtearpi  HpuHing  fTnni  the  ula  ot  urpophon.  T3fl.  Cnm  pflcttoQ 
or  Iha  riuil  of  Anielka,  wban  Ibg  luinl  riba  >n  indvc^  Inlo  wingi ;  tbi  bluk  dou  npr*. 
MOlllM  rilUt.  Hlbgr>P<>'*r  Id  ■  cnai-iKllon.  737.  Ooaoflbg  mrtcwpi  oT  iha  anw,  abDW- 
Ing  (ha  lunar  ftca,  «r  CDcninlaniia,  u  wall  u  iha  trmsaTfini  aaclion.  with  Iwo  af  Lba  *tti«,  a. 

riQ.  739.  riowar  or  Anila  Dudkulla  (WIU  auaaparllla)  i  a  Tanlal  aecltm,  dlipUrinf 
M  oTiha  onirr.    71U.  LoofiiudJiial  aKikia  of  i 
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limb  roar- toothed.  Petals  four,  valvUa  in  astiTatiott. 
four,  alternate  with  the  petals.  Styles  united  into  raie.  Piuit  a 
two-celled  drupe.  —  £r.  Corous,  the  Dt^wood.  Chiefly  remail- 
ahle  for  their  bitter  and  astringeDl  bark,  which  in  this  counuy  hag 
been  substituted  for  Cinchona.  The  peculiar  piinciple  they  con- 
tain is  nanted  Comtne.  Conius  Canadensis  (Fig.  240)  is  a  low 
and  herbaceous  species. 


Division   II.  -~  Mokopetalods  ok  Gahopbtaloits  Ezooehofr 
Plants.* 

Floral  envelopes  conwsting  of  both  calyx  and  corolla :  the  petals 
more  or  less  united  (corolla  gamopetalous). 

COKSPBCTHS   07  IDE   ObDERS. 

Group  I.    0*M7  coherent  will)  the  ealjx,  two-  to  iaTanI.««Ued,  with  ena  or 

minj  orale*  in  each  cell.    8eed»  klboniiaoni,  with  a  nnall  embrja    So- 

men*  iiuert«l  on  the  corollk.    Learea  oppotite. 

Stipules  wsQting.  Capbivoliack^  p.  UL 

Stipalea  interpetioUr  <or  leaves  whoried).  Bcbiacbs,  p.  UT. 

Ontip  i.    Orarj  coherent  with  llie  eaXjx,  ooe-celled  and  oue-oTnted ;  rardj 

three-eelled  with  two  of  the  cells  emptj.    Seedt  with  little  or  no  albumen. 

Slaineni  inserted  on  the  corolla.    Caljx  a  mere  ring,  crown,  or  pappus, 

or  obsolete.    Frail  like  an  aiJinninm. 

Stamens  diuiDct.    Seeds  snipended. 

Stamen*  3  or  fewer.  Talbbiakacbae,  p.  4M- 

Sismens  4.    Heads  inrotocrate.  Dipbacbx,  p.  440. 

Stamens  STUgenesion*.    Seed  erect  Composite  p.  441. 

Gnmp  9.    Ovarj  cohereot  with  the  caljz,  with  two  or  more  cella  and  ■mmcr. 

ons  oroles.    Seeds  albnminoiu.    SaEmeoi  ioierled  with  the  eorotla  (c[>i- 

gjmaus) :  antfaen  not  opening  bj  pores. 
CmuLU  irtegnlai.    Stamens  nniled  in  a  tuba.  Lobkuacbs,  p.  441. 

Corolla  ragnlar.    Stamens  distinct.  Camfabdlacbx,  p.  444. 

Gmgi  t.  Otst;  free  fimn  the  calfx,  or  lometimei  coherent  with  it,  with  two 
or  more  cells  and  nnmerons  otdIcs.  Seeds  albnininoa*.  Stsmea*  insen- 
ed  with  the  corolla,  ot  rarely  cobereat  with  its  ban,  >•  nan  j,  or  twice  M 
manj,  as  its  lobes :  anthers  moetty  opening  by  pores  or  chiiAs. 

■  Cacurbiiaceie,  placad  in  the  Folrpeialoa*  series,  an  commutlj  somewbil 
gamopetalons :  so  are  some  exotic  CrassnlaccK,  &c 
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AmImh  t«o-eril«d.  BucACB^  p.  4M. 

Antben  one-ceUed.  Epaokidacbx,  p.  447. 

Osap  i.    Ovaiy  fraa,  or  rardy  eobeNnt  widi  tba  catfx,  Mvml-telled,  with 

k  lii^  onUe  (or  M  le«t  k  liag^t  aMd)  In  Mch  odl.    Seedi  moHlj  albn- 

minoas.    Swroeiu  deAoiU,  u  mtxtj  u  Ihs  lobM  of  die  (lOBctimM  almiNt 

polTpetalons)  corolla  and  alleroBM  iriih  them,  or  two  to  fbu  tinwa  ai 

man; :  aoiliara  not  openiog  by  pore*.  —  Tteca  or  (bmU. 

Stamani  a*  maoy  u  the  lobM  of  the  corolla  and  alternate  iritli  dism. 

AQriFOLiicBX,  p.  447. 

Stamaiu  not*  nomeloaa  aad  all  frrttlc. 

Howen  polygamooi :  calyx  free.  EsEitAttBA,  p.  447. 

Flower*  perAcI:  calyx  nor*  or  l«i*  adnate.  Btikaoacbx,  p.  446. 

Stameiu  a*  many  fertile  u  there  are  lobea  of  the  corolla  and  opposite  them ; 

aad  with  a  iterile  «eriea  alternate  between  them.  Sxfotxcbm,  p.  448. 

Gmtp  6.  Ovary  free,  or  with  the  b*ae  merely  coherent  with  tba  tab*  of  the 
calyx,  one-cellad,  with  a  free  central  pUceota.  Stsmeni  iiuerled  into  the  * 
regular  corolla  oppoiite  it*  lobea  I  which  they  eqital  in  nomber.    8eed* 


ShniU  or  tree* :  frnit  drttpMMOi.  KrtUTrrACsm,  p.  448. 

Herb*  :  fmlt  capanlar.  FBlxcLAORJt,  p.  448. 

Group  7.  Ovary  free,  one-celled,  with  a  lingle  ovnle;  or  two-celled  with 
iereral  omle*  attached  to  a  thick  central  placenta.  Stameoi  ae  many  ^ 
the  lobei  of  the  r^nUr  corolla  or  the  nearly  distinct  petali.  Seeds  albQ- 
minoni. 

Orary  two-celled:  itrleiingle:  itameitg  4.  PuKTAOiHACma, p. 4M. 

Oraiy  on»cdled :  *tf le*  and  MameM  6.  pLrMnAoiHACKA,  p.  4M. 

Gmp  8.    Ovary  free,  one-  or  two-  (or  ■pDrioosly  fonr-)  celled,  with  Domeroni 
ovnle*.    Corolla  (nlatuate  or  Irregalar ;  the  ■lameu  iaierted  npon  it*  tnbOi 
mi  ma*dy  fewer  than  it*  lobe*. 
Oraiy  oike-celled  with  a  ceokal  plaeentft.    Stam.  1.     LBariBDi.ACKS,  p.  451. 
Oruy  one-celled  with  parietal  placenue.  Obobahchackj,  p.  491. 

Drary  apurionily  4  -  S-celled :  weds  exalbominon*.    Bnbord.  8>flAii£2,  p.  451. 
Ovary  Cwo-c«11ed:  plaoenia  in  the  azii. 

Seed*  indefinite,  winged :  albunen  Bone.  BiovoaiACKS,  p-  4ftS. 

Seeds,  few,  wingleM :  albamen  none.    Corolla  eonrolate  in  cgtiTation. 

AcADTaACXf ,  p.  458. 

Seed*  rnoiUy  indeSnite:  albumen  copion*.    Corolla  inibricstiTe  in  xMiva- 

tiOQ.  ScBOfBOLAKIACnX,  p.  4M. 

Group  9.  Ovary  free,  two-  to  four-lobed,  and  •eparating  or  flplitcing  into  a* 
many  one^eeded  ddM  or  achenia,  or  drupaceon*.  Corolla  regnlar  or  h^ 
retjfBlar;  die  stamen*  iuerted  on  it*  nbe,  equal  in  nnmber  or  fewer  than 
it*  lobM.    Albnmta  little  or  none. 

fitamea*  4,  dtdynamon*,  or  L    CoroUa  move  or  le*<  irregnlBr. 
Ovary  not  4-lobed.  Vbuskaclb,  p-  49*. 
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Orarj  i-lobcd,  fbnniiiK  i  acbeniB.  Likiatx,  p.  iK. 

Stameu  6.    Flower  regular.    Learea  alMniate.  Boraoivaci',  p.  45G. 

Gnup  10.    Oyfj  frae,  compoDftd,  or  Ihi  carp«la  two  or  tnor«  and  diidnct: 

ihe  omiM  maallj  Kreral  or  namsrou.    Corolla  rsgalar ;  thi  ttameiH  . 

fnuTtad  Dpon  iti  tsbe,  m  man;  at  ibe  lobe*  and  alienuOo  with  dwm. 

Seed*  album  ioouj. 

>  OTOfj  compoand  (of  tiro  or  more  mlted  etrpe\t). 
PlaMOUe  S,  parietal  (lometiinei  expanded).    EmbcTO  nunnlo. 
Corolla  not  ralTate  in  actjvation. 
LeaTM  lobed,  motit}'  allcmats.    Seedi  Air.     HTDmopHTi,LAOXX,  p.  457. 
Learea  «Diiie,  oppoiiu.    Beedi  iDdefitiite.  GuiTUHAcr«,  p.  46S. 

Corolla  Talvale-indaplieate  in  oatlratloii.  Saboid.  HaxTAXraiDK*,  p.  M2. 
PlacenUe  in  Ihe  asu  :  orar;  3  -  S-celled. 
Embrjo  laifte,  bent  or  coiled,  witb  little  albmneii.    Seeda  oce  or  two  ia 
each  ccIL  ConTOi.rni.xCE',  p.  49). 

Embryo  itnight  or  arcnate,  in  copiooi  albumen. 
Stflei  S,  distinct.    8eed«  iadeflniie.  Htdbolkioex,  p.  458. 

S^lea  aniled  searij  or  quite  to  the  lammiL  ' 

Orazj  3-cel1ed.  Ckir.  coDTolnte  in  miiTation.  PoLEKOHiiccjt,  p.  4SB. 
Ovarj  S-oelled.  Cor.  imbricated  in  Rativation.  DiApanaiACUB,  p.  498. 
Ovarj'  S-celled.   Cotolla  plaited  or  valvaie  in  asiiTa^D. 

SOUKACUt,  p.  461. 

f  •  Ovariei  moatif  two  and  distinct  at  leait  in  ftnit 

Aothen  inlrorae :  pollen  granular.  Apogikacsx,  p.  463. 

Anther*  ezOone :  pollen  in  waxj  roauei.  Abci.sfiiiucxx,  p.  463. 

fowpll.    Ovary  free,  two-celled,  fbw-oTuled;   the  celli  of  the  tmit  on»- 

ieeded.    Corolla  n^lar  (M»nelime»  uearlj  polTpelaloni  or  wanting) ;  ihs 

(lameDt  (two)  fewer  than  ita  lobei.  —  Sbmb*  or  trees. 

Seedi  erect-    Cor.  imbricated  or  eonloned  in  catlvation.  Jumivacbjc,  p.  464. 

Seeds  ratpended.    Corolla  ralrata  in  Miivation.  Olbacue,  p.  469. 

603.  Ord.  ClpiUoliteW  (lAe  Honeysuckle  Family).  Mostly  shrubs, 
otiea  twiniDg,  with  opposite  leaves,  aud  no  slipulea.  Calyx<lube 
adtiate  to  the  3-5*celle<]  ovaiy;  the  limb  4-5-c1e(t.  Corolla 
regular  or  irregular.  Stamens  Inserted  on  the  corolla,  as  many  as 
the  petals  of  which  it  is  composed,  and  alternate  with  thetn,  or 
rarely  one  fewer.  Fruit  mostly  a  berry  or  drupe.  Seeds  pen- 
dulous, albuminous. -—£x.  The  Honeysuckles  (Lonicera),  which 
have  usually  a  peculiar  bilabiate  corolla  (470,  Pig.  743),  the 
Snowberry  (Symphoricarpus),  Diervilla,  which  has  a  capsular 
fruit,  &c.,  compose  the  tribe  Lonicire£,  characterized  by  their 
tubular  flowers  and  filiform  style:  while  the  Elder  (Sambucus) 
and  Viburnum,  which  have  a  rotate  or  urn-shaped  corolla,  fimit 
the  tribe  Sakbucex.    These  plants  chiefly  belong  to  (empersta 
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regions.  Several  ara  widely  cultivated  for  omameRt  They  ara 
generally  bitter,  and  rather  active  or  nauseoua  in  their  proper- 
tiea  :  but  the  fruit  of  some  few  is  edible. 


604.  flrd.  EnbiaetK  (the  Madder  Famili/).  Shrubs  or  trees,  or 
oAen  herbs,  with  the  entire  leaves  either  in  whorls,  or  opposite 
and  furnished  with  stipules.  Calyx-tube  completely,  or  rarely  in- 
completely, ndoate  to  tiie  2  -  5-celled  ovary ;  the  limb  four-  or  five- 
clefl  or  toothed,  or  occasionally  obsolete.  Stamens  as  many  as 
the  lobes  of  the  regular  corolla,  and  allemate  with  them,  inserted 
on  the  lube.  Fruit  various.  Seeds  albuminous.  — This  extensive 
family  divides  into  two  suborders,  to  which  a  third  may  be  ap- 
pended, which  differs  in  the  free  ovary,  and  is  by  moat  botanists 
deemed  a  distinct  order. 

805.  Snbord.  StellHtea  {the  true  Madder  Family).  Herbs,  with 
the  leaves  in  whorls ;  but  all  except  a  single  pair  are  generally 
supposed  to  take  the  place  of  stipules.  —  Ex.  Galium,  Rubia  (the 
Madder),  &c.,  nearly  all  belonging  to  the  colder  parts  of  the  world. 

806.  Sobord  Cinchancs  {the  Permian- Bark  Family).  Shrubs, 
trees,  or  herbs ;  the  leaves  opposite  and  furnished  with  stipules, 

FIG.  TU.  Bnnehof  Loniun  (X;kiM«ir)abloiiglb(l>:  tlHIwacTulMiinlUdI  r4X  Lo. 
nlun(C^)ri<blium)puTlflonu  743.  A  Baiw  iboui  itia  uiunl  ilu  TU.  UragHwIlMl  m- 
lioa  dC  Lh>  onrr.    7t5.  LDO|)IuilinaJ  Kcltoii  ot  ■  rufDlBtd  aud,  ituwlng  Ibg  llbuniaa  ud 
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which  are  very  various  in  form  and  appearance.  —  Ex.  Cephalao- 
thus  (Button-bush),  Hedyotis,  and  an  immense  number  of  tropical 
genera.     Their  stipules  distinguish  them  from  Capriroliaceie. 

807.  SnbOld.  ll^aaiea,  or  Splftliea,  have  opposite  stipulate  leaves, 
and  the  ovary  nearly  or  entirely  free  from  the  persistent  calyjt.  — 
Ex.  Mitreola.Spigelia  (ihe  Pink-root),  and  other  genera  mtenne- 
diale  between  RubiocetB  and  Apocynacete. 

808.  Very  active,  and  generally  febrifugal  properties  prevail  in 
this  large  order.  The  roots  of  Madder  yield  a  moat  important 
dye:  and  many  .Galiums  have  a  similar  red  coloring  matter.-^ 


The  division  Cinchoneee  furnishes  two  of  the  most  valuable  known 
remedial  agents,  namely,  Perw>iiut  hark,  or  Cinchona,  and  Ipecac- 
uanha. The  febrifugal  properties  of  the  former  depend  on  the 
presence  of  two  alkalis,  Cinckonia  and  Quinia,  both  combined 
with  Kinic  acid.  The  Quinquina  barki,  which  are  derived  from 
some  species  of  Exostemma  and  other  West  Indian,  Mexican,  and 
Brazilian  genera,  contain  neither  cinchonia  nor  quinia.  The  bark 
of  Pinckneya  pubens,  of  the  Southern  United  States,  has  been  sub- 
stituted for  Cinchona. —  The  true  Ipecacuanha  is  furnished  by  the 

Fia.  746.    K«e  of  RubU  lilKlorli  (Ibe  Muldar)  io  flawer.    T4T.  Ttu  (rull.    7*8.  TIh  am 

cuniid  omtH-yo.    7S0.  SKlUnart  duonrurOaltiim. 

FIO.  7H.    CtphnlinUiuioccldMUlu.ihaBiiiUKi-Biiih.    TG2.  A flomr,  tiku  [cdio  Uh haniL 
TKJ.  TtHCOtoUtliililopn. 
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loots  of  CephaBtia  Ipecacuanha  of  Brazil  and  the  mouatajna  of 
New  Granada.  Its  emetic  principle  (catle'd  Emetine)  also  ezisia 
in  Psychotria  emetica  of  New  Granftda,  which  fumisheB  the  itrial- 
td,  blade,  or  Penwian  Ipeeaaumha.  Coffee  is  the  horny  seed 
(albumen^  of  Coflsea  Arabica.  According  to  Blume,  the  leaves 
of  the  Coffee'plant  are  used  as  a  substitute  for  tea  in  Java. — The 
roots  and  leaves  of  Spigelia  Harilandica  (Carolina  Pink-root)  fona 
a  well-known  vermifuge. 


809.  Ord.  TiIcrianBCeB  (tlie  Valerian  Family).  Herbs  with  op- 
poeilB  leaves,  and  no  stipules.  Flowers  often  in  cymes,  panicles, 
or  heads.  Limb  of  the  adaate  calyx  two-  to  four-toothed,  obsolete, 
or  else  forming  a  kind  of  pappus.  Corolla  tubular  or  funnel-form, 
sometimes  with  a  spur  at  the  base,  four-  or  five>lobe<l.  Stamens 
distinct,  inserted  on  the  corolla,  usually  fewer  than  its  lobes> 
Ovary  one-ovuled,  with  one  perfect  cell  and  two  abortive  ones. 
Fruit  a  kind  of  achenium.  Seed  suspended,  exalbuminous.  Em- 
bryo straight.  Radicle  superior.  —  Ex.  Valerians,  the  Valerian; 
Fedia,  the  Lamb-lettuce :  the  latter  is  eaten  as  a  salad.  The 
roots,  &c.  of  the  perennial  species  exhale  a  heavy  and  peculiar 

no.  TM.  HodToUt  (Hoiwunia)  coniln  TES,  76S.  Tba  Iwa  (oru  of  donn  LbM  dlShnu 
MLvldwU  bHC.  Hlih  ihs  umlli  liid  opan ;  dim  witb  Ihi  lumciu  it  tbi  bui,  lbs  other  u  tb* 
nnmit  ofltulube:  lb*  Ininr  llguni  ahDwi  ■[»  i  uclionof  Ihs  aiuf.  TS7,  CnwMcilDasr 
to  utber,  mignlSad.  7S8,  Anlhir  Un  imLugBil,  openlnf  iDiigitudiiullf.  7li9.  Cipaul«  wlUi 
IbaeaJjx    700,761.  VtaHiof  Itu  upnila  1b  dehtKBca.    78^  Ulafnm  alt  croH^acuoa  of 
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odor,  hsre  a  somewhat  bitter,  acrid  taale,  and  are  antispumodic 
aad  veimifugal.  The  Vaieritm  of  the  shops  is  chiefly  defived 
ftom  Valeriana  officinalis  of  the  South  of  Europe.  It  producM  ■ 
peculiar  intoxication  in  cats.  The  roots  of  V.  edulis  are  used  for 
food  by  the  aborigines  of  Oregon.  The  Spikenard  of  the  ancienU, 
esteemed  as  a  stimulant  medicine  as  well  as  a  perfume,  is  the  root 
of  Nardostacbys  Jatamansi  of  the  mountains  of  the  North  of  IndiL 


610.  Ord.  DipuMi  (tlie  Teaatl  Family).  Herbs,  with  opponte 
or  whorled  sessile  leares,  destitute  of  stipules.  Flowers  in  dense 
heads,  which  are  surrounded  by  an  iavolticre.  Limb  of  the  adnats 
calyx  cup>shaped  and  entire  or  toothed,  or  forming  a  bristly  or 
plumose  pappus.  Corolla  tubular;  the  limb  four-  or  fire-lobed, 
somewhat  irregular.  Stamens  four,  distinct,  or  rarely  united  in 
pairs,  often  unequal,  inserted  on  the  coialla.  Ovary  one-celled, 
one-oruled.  Seed  suspended,  albuminous.  —  £».  Dipsacus,  the 
Teasel,  and  Scabioea,  or  Scabious.  All  natives  of  the  Old  World. 
Some  are  cultivated  for  ornament.  Teasels  are  the  dried  heads  of 
Dipsacus  Pullonum,  covered  with  stifi*  and  spiny  bracts,  with  re- 
curved points. 


7118.  SKUan  Uunigh  tl»  othj  ukI  hiiIito  ;  thi  toWlH  sf 


ne of  tha papFUilika  bHnIn  of  tba  calji  i 
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611.  M.Cl^udiMi  (the  Compotiu  or  S^i^lotBerFimHy).  Herlw 
or  •hnibs ;  wilb  th«  flowers  in  hoada  (compound  flowera  of  lb* 
older  botaoiau),  crowded  on  &  receptacle, 
sod  sarrounded  by  a  set  of  bracU  {aealti) 
rormiDg  an  involucre ;  the  aeparate  flowera 
oAen  furnished  with  hractlels  {ehaf,  paiea). 
Limb  of  the  adoale  calyx  obsolete,  or  • 
p^tput  (SOS),  consisting  of  hairs,  bristles, 
scales,  &c.  Corolla  regular  or  irregular. 
Stamens  five,  as  many  as  the  lobes  or  teeth 
™  ""  of  Ibe  regular  corolhi,  inserted  on  its  tube: 

anihen  united  into  a  tube  {tyngmesioua,  Ftg.  769).  Style  two* 
cleft  Fruit  an  achenium,  with  a  single  erect  exalbumitwiia  seed, 
either  naked  or  crowned  with  a  pappus.  Embryo  straight. — This 
Tast  but  very  natural  family  is  divided  into  three  sets  or  suborders ; 
viz. :  — 

812.  Sibord.  TlholiflOK.  Ckirolla  tubular  and  regularly  four-  or 
five-lobed,  either  in  all  the  flowers  (when  the  bead  i8dtMot(£),oria 
the  ceniml  ones  (those  of  ibe  due)  only,  tbe  marginal  or  rayfiov- 
era  presenting  a  ligulaie  or  strap>sbaped  corolla.  — £c.  Liatris, 
Eupatorium,  Ate. ;  where  the  heads  are  homogainoia,  that  is,  tbo 
flowers  all  tubular,  similar,  and  perfect :  Hetianthus  (Sunflower), 
Helenium,  Aster,  &c. ;  where  the  heads  are  heterogamotu ;  the 
disc  flowers  being  tubular  and  perfect,  while  those  of  the  ray  ai9 
ligulaie,  and  either  pistillate  only,  or  neutral  (473,  note),  that  is, 
destitute  of  both  stamens  and  pistils. 

813.  Slbord.  Lrtlltiflora.  Corolla  of  the  disc-flowers  bilabiate. 
—  £!x.  Cbaptalia,  of  the  United  Stales,  Mutisia,  Chtetanthera,  &c., 
of  South  America. 

814.  8nb«d.  Uglliflora.  Corolla  of  all  the  flowers  (both  disc 
and  ray)  liguiate  ;  all  perfect.  —-  Ex.  The  Dandelion,  Lettuce, 
Cichory,  Sic. 

815.  This  vast  family  comprises  about  a  tenth  part  of  all  Pbie- 
iK^mous  plants.  A  bitter  and  astringent  principle  pervades  the 
whole  order ;  which  in  some  is  Ionic  (as  in  the  Camomile,  Anthe* 
mis  nobilis,  the  Boneset,  or  Thoroughwort,  Eupatorium  perfolialum, 
&c.)  ;  in  others,  combined  with  mucilage,  so  that  they  are  demul- 
cent as  well  as  Ionic  (as  in  Elecampane  and  Coltafooi) ;  in  many, 
aromatic  and  extremely  bitter  (such  as  Wormwood  and  all  the  spe- 

Fia  na    8fOfta«(liiiaau»iKariCbaiFa«l4.    77a  Tba uuhui Uld opn. 


,y  Google 


449 


BXOOSNOUS  OB  DieOTTLXDOMOirS  PLAKTS. 


«ies  of  Artemisia) ;  sometiines  accompanied  by  acrid  qualities,  u 
in  ibe  Tansy  (Tanacetum  vutgare),  and  die  Mayweed  (M&ruta 
Cotula),  the  bruised  fresh  herbage  of  which  blUiers  the  skin.  Tho 
species  of  Liatris,  which  abound  in  urebinthine  juice,  are  among 
the  reputed  remedies  for  the  bites  of  serpents.  The  juice  of  Sil- 
phium  and  of  some  Sunflowers  is  resinous.  The  leaves  of  Soli- 
dago  odora,  which  owe  their  pleasant  anisate  fragraiice  to  a  pe- 
culiar volatile  oil,  are  infused  as  a  substitute  for  tea.  From  ibe 
seeds  of  Sunflower,  and  several  other  plants  of  the  order,  a  bland 


oil  is  expressed.    The  tubers  of  Heliaathus  tuberosus  are  eaten 

FIO.  7TI.    H«d  or  Uitrli  iqtKiTMa  (dlicaki ;  Iha  aowtn  •]]  IDtMtu  ud  parftctV   m.  Tba 

but  dus.  ■hDolag  tha  ukixl  lit  t«»pude.  773,  PonioD  of  ong  o(  ths  plumoH  tirinlsi  of  Uh 
uplUftrr  pappui.  774.  Haad  of  Haliiiiium  AulnmiAla  OuUrogHDnu)  [  thd  nja  Dtutn],  cod- 
■iKln;  merel/ara  llgulu*  coniUii.  7T£.  Th*  luu,  with  Ibt  Ooinn  nU  nmnnd  fkmi  tha 
roundlBh  ncflpucltt,  Axcofit  a  ilng La  dlic-Oowr  vhI  me  m-  i<mt  rmjpi :  iho  nflBXed  aaim  at  1^ 
Iniolucn  in  >  tinglt  Hrix.  778.  MMnia»l  dlK- flower  of  Iha  nine :  the  conlU  eiUhiting  lb* 
pMHliu  vtotUoo  of  the  IkmLl^ ;  bunatj,  tha  te^oi  corrMpcKMlLaf  tn  1  hw  rinnw,  inil  ■gHTh^  ■ 
bnoch  •lonnlhainu'gluaribe  lobee.  777.  ThaeuDS  wkh  Iha  coisUi  msoTad;  tba  idieniviD 
crawoeil  wllhlhaliinb  af  Iho  ulri  In  Iha  Tann  afseliBlTr  pappui,  of  (bDul  fl IS  acalaa.  77§.  A 
chaff  of  Lb>  pappui  mars  mafiilAad.    779.  A  lafau)^  eomtla  of  lUi  fcmllf  takd  npn,  ■bMrlnl 


ciipli  ainpleilcuilla,  wltb  the  Howe 


den  «rla  paiHL     7B0.  HsEd  of 

akmgaud  ipiko-lika  raupiule,  ex 

HI,  mi«ai<lHl,  pvtir  IneJoan]  bj  lie  braealal  (chaff  ot  palaa) ;  tba  PWPH  Dbulata.    TBI.  ftn 

ot  Iha  iii'olucn  and  alieotala  (hnncjCDmb-like)  ncopUcle  sf  OnDpanloB  or  OulHi-ThMla. 

7SL  A  parlKl  and  llfulaia  flowar  of  Ita*  EbulaUoa,  wilh  iu  hal^Uka  st  uplUair  papfOL 
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under  the  name  <^JerMtaIeiH  arttchtAet.  True  artichokei  are  the 
Oteahj  receptacle  of  Cynan  Scolymua.  The  flowers  of  Carthamia 
tioctoriua,  ofteo  called  Saffroa,  yield  a  yellow  dye.  —  The  Lignli- 
Bons,  or  Qcboncen,  all  have  a  milky  juice,  which  ii  narcotic,  and 
has  been  employed  as  a  substitute  for  opvtm.  The  bland  young 
leaves  of  the  Garden  Lettuce  are  a  common  xdad.  The  nwated 
rooiB  of  the  Wild  Succory  (Cichorium  Intybus)  are  extensively 
Bsed  to  adulterate  coffee  :  and  ttie  roots  of  some  species  of  Tngo* 
pogon  (Salsiiy,  Oyater-plant)  and  Scorzonera  are  weU^koowa  es* 
culeots. 

816.  Ord.  LobtUuea  {the  Lohdia  Family).  Herbs  or  somewhat 
■hnibhy  plants,  oAen  yielding  a  milky  juice,  with  alternate  learea 
and  usually  showy  flowers.  Limb  of  the  adnate  calyx  five-cleft. 
Corolb  irregularly  five-lobed,  usually  appearing  bilabiate,  cleft  on 
one  aide  nearly  or  quite  to  the  base.    Stamens  5,  epigynous,  co- 


herent into  a  lube.  Stigma  fringed.  Fruit  capsular,  two-  or  three- 
no.  7B3.  CKmptnDh  rniundllbUi,  tnaeh  ndnud  In  bIb.  781.  Lotnlla  InltaU,  nduud  In 
riH.  TBG.  A  Saint,  mUrgad.  78S.  Tin  uniudBluaanU  tai  anihan  liKlaaingibgnjIe;  iha 
tanOt  ud  limb  of  tba  alji  cut  fnf,    737.  Tht  Mljnu  HmuDdid  by  t,  Mags.    TML  Tnni. 
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(r&rely  om-)  celled, maay-aeeded,  Seeds albamiDOin.  —  Ek.  ha- 
belio.  All  narcottco-Bcrid  poisons.  The  well -koowo  Lobelm  in- 
flata  (Indian  Tobacco)  is  one  of  the  moat  powerful  articles  of  dw 
materia  medica,  and  the  most  dangerous  in  the  hands  of  the  reck- 
less quacks  who  use  it.  Less  than  a  (easpoonful  of  the  seeds  or 
powdered  leaves  will  destroy  life  in  a  few  houra. 

617.  Ord.  Cunpanlaws  {the  CampoMU  foml/y).  Herbs,  with 
a  milky  (slightly  acrid)  juice,  alternate  leaves,  and  naually  showy 
flowers.  Tube  of  the  calyx  adoate,  the  limb  commonly  five^leA, 
penistent.  Corolla  regular,  campanulate,  usually  fiTe-lobed,  with- 
ering. Stamens  five,  distinct  Style  furnished  with  collecting 
hairs.  Capsule  two-  to  several -celled,  many-seeded.  Seeds  albu- 
minous.—  Ex.  Campanula  (Bell-flower,  Harebell).  Of  little  im- 
portance, eicept  for  ornament 

SW.  Ord.  ErieUta  {the  Heath  Family).  Shrubs  or  sometimes 
herbs.  Flowers  regular  or  neariy  so,  4-&.merous,  the  petals 
sometimes  distinct  Stamens  mostly  distinct,  free  from  the  c(^ 
rolls,  as  many  or  twice  as  many  as  its  lobes,  and  inserted  with  it 
(either  hypogynous  or  epigynoua),  anthers  two-celled,  often  ap- 
pendaged,  commonly  opening  by  terminal  pores.  Styles  and 
stigmas  united  into  one.  Ovaiy  with  two  or  more  cells  and  usually 
numerous  ovules,  free,  or  in  Vaccineie  coherent  with  the  calyz- 
lube.  Seeds  usually  indefinite,  albuminous. — Some  botanists  give 
Ihe  rank  of  orders  to  the  following  aubordere. 


819.  inioti,\Wti»itm  itheWkorthboTj/ Familf).    Oraryadnate 


Fta.  790.    Bnneh  of  RhadodndniD 
ud  bruu.    TW  Platnr  w\lb  Ihg  coniUa 
mius,  npmlng  bj  npiicldaJ 


,y  Google 


THB   HOMOPBTALOtrS  OBDBSB.  445 

lo  the  lube  of  die  calyx,  becoming  a  berry  or  a  drupe-tike  frail. 
'Shrubs,  with  acatiered  leaves,  often  evergreen.  —  £z.  Vaccinilirn 
(Whortleberry),  Oxycoccus  {ihe  Cranberry). 

830.  glbtrd.  EridKB  (the  proper  Heath  Family).  Ovary  free 
irom  Ihe  calyx.  Fruit- capsular,  somelimes  baccate  or  drupaceous. 
Testa  conformed  to'  die  nucleus  of  the  seed.  Mostly  shrabs. 
Leaves  various,  often  evergreen.  Petals  rarely  almost  or  entirely 
distinct  —  Ex.  Erica  (Heath),  Kalmia,  Rhododendron,  Gaulthe- 
ria,  Aodromeda,  &c. 


831.  Snbord.  ?jn\m  {the  Pyrola  Family).  Ovary  free  from  the 
calyx.     Petals  distinct  or  nearly  so.     Fruit  a  capsule.    Seeds  with 

FTO.  TH.  OtuUhgrl*  pncunlMiia  (WlnMrgnen,  Ju.).  TSk  Tbg  snlirginc  ulri  Id  Iha  Im- 
muun  fniil,  T9S.  Vantcil  lectloa  of  Lba  pulpf  or  iMnj-Ilka  ulfi  tDi  Vba  incltuM  cafmilg 
(Um  ■wb  rainimd  rrom  the  pUuau  In  ana  call).  797.  Hotlanial  aectlon  at  lba  auiM,  ihow- 
iOC  Iha  BTB-uUad  capnila,  wliti  »  piKenu  pnoeding  fniin  Ih*  lunar  aogla  of  nch  uU.  7BB. 
SBUIODaf  ■«■!,  maiiXud.  799,  Flomr  or  ■  VKclnlum  (WlmnlabtnT).  800.  Vanlial  iM' 
Uon  of  lba  onrr  and  ullMrenl  aijx.  SDI.  Aotlnr  of  Vuclohim  Tllia-Idu;  eub  coll  pro- 
longed  Inu  ■  uba,  ud  opmlng  bj  ■  unnlnaJ  pon.  SOL  Anlhw  of  VuclnluB  MjnlDua;  Uta 
coniHCllTuiB liimiihed  wtlb  tm appMidafia.  eco.  Sumsnoru  Andrninedi  (Cualopa),ahow- 
laclboppwkiHDfihecoiuiKiiTuiii.  SM.  GunHo  orArcuiatapbria  Un-UM,(bDwtn(ihg 
■apHiu  mntbar  calle,  opanlni  B;  i  lennliud  pan,  Itm  i[qiaadi|H  gf  lbs  csonacIiTuni,  ud  Iha  , 
OlUHBl,  which  li  nrolUo  ml  [b«  luft 
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a  loose  cellular  testa.  Dot  cooformed  to  the  nucleus.    Mostly  herbt. 
Laavea  flat  and  broad. —  Ex.  Pyrola,  Chimaphila. 

622,  Bnboid.  HOBDtnpta!  {the  Indian-Pipe  Familg).  Ovary  fne 
from  the  calyx.  Petals  distinct  or  united.  Anthers  opening  Ion* 
gitudinally  or  by  transverse  chinks.  Fruit  a  capsule.  Seeds  wiih 
a  loose  or  winged  testa.  Parasitic  herbs,  destitute  of  green  polor, 
and  with  scales  instead  of  leaves.  —  £x.  Monotropa,  the  Indisn 
Pipe.  — In  this  widely  difiused  order  the  bark  and  foliage  are  gei>- 
erally  astringent,  oflen  stimulant  or  aromatic  from  a  voTatile  wl  or 
a  resinous  matter,  and  not  seldom  narcotic.  Thus,  the  leaves  of 
Rhododendron,  Kalmia,  and  all  the  related  plants,  are  deleteriooi 
(being  stimulant  narcotics),  or  suspicious.  The  honey  made  from 
their  flowers  is  sometimes  poisonous.     The  Uva-Ursi  and  the  Chi- 


maphila (Pipsissetra)  are  the  chief  medicinal  plants  ofUe  onlei. 


PIG,  e06.  PfiDte  chlonntiB,  nducad  In  >1i*.  BOB.  Ealuf«l  Oowa.  SOT.  MigollM  lU- 
mgn.  809.  Pin  II.  909.  Cn«  Ktiwi  oT  tha  upnila.  Sia  A  higbtj  Bugnt^^  •»<■  SH^^ 
DDcInu  NDund  rnm  the  bun  uUdIu  toNi,  uhI  dithM,  ibovlDg  tba 'BTj  mlBDia  nlxT* 

PIQ.Sia.  BtnuHioFkniiiaon.  SIS.  A  pauL  811.  C^wla,  wlib  Hununeiii.  Sli.  Tru>- 
TKMHCUmofihaiuHi  Um  tUck  ud  loM  [)lK«au  connd  wILh  nrj  miaou  mdi 
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The  berries  are  generally  edible  (Whortlebemfes,  Wintergreen, 
Slc).    Many  are  very  ornamental  plants. 

•823.  trd.  EpBCridunB)  which  takes  the  place  of  Heaths  in  Aus- 
tralia, essentially  differs  from  tbera  only  in  the  one-celled  anthers, 

824.  M.  AqnUMiietB  (the  Holly  Family).  Trees  or  sfarutM, 
coniqjonly  with  coriaceous  leaves,  and  small  axillaiy  flowers.  Ca- 
lyx of  fou  r  to  six  sepals.  Corolla  four-  to  six-parted  or  clefY :  the 
stamens  as  many  os  its  aegmenla  and  alternate  with  them,  inserted 
on  the  base  of  the  corolla.  Anthers  opening  longitudinally.  Ovary 
two-  to  six-celled  ;  the  cells  with  a  single  suspended  ovule.  Fruit 
drupaceous,  with  two  to  six  stones  or  nucules.  Embryo  miaute, 
in  bard  albumen. '—£z.  Ilex  (the  Holly)  and  Prinos.  The  baric 
and  leaves  contain  a  tonic,  bitter,  extractive  matter.  The  leaves 
of  a  species  of  Uex  are  used  for  tea  in  Paraguay :  and  the  famous 
black  drink  of  the  Creek  Indians  is  prepared  from  the  leaves  of 
Ilex  vomitoria  (Cassena) ;  which  are  still  used  as  a  stibatitute  for 
tea  in  some  parts  of  the  Southern  States. 

825.  Old.  EbcMCtS  {the  Eboni/  Famili;).  Trees  or  shrubs,  des- 
titute of  milky  juice,  with  alternate,  mostly  entire  leaves,  and 
polygamous  flowers.  Calyx  three-  to  six-clefl,  free  from  the  ova- 
ry. Corolla  three-  to  six-cleft,  often  pubescent  Stamens  twice 
10  four  times  as  many  as  the  lobes  of  the  corolla,  inserted  on 
them.  Ovary  three-  to  several-celt ed ;  the  style  with  as  many 
divisions.     Fruit  a  kind  of  berry,  with  large  and  bony  seeds. 


Embryo  shorter  than,  the  hard  albumen.  — £z.  Dioepyros,  the 


FIQ.  Bia  Farfcet  loinr  sT  DhapTiH  TiiilBiuii,  thi  PntDoen.  SIT.  T)h  eondk,  laM 
opn,  uid  •ucwH  aiS.  Tbefrull.  819.  SecUon  ihrmfh  Uu  Iruli  ud  ban;  nHb.  SaO.  Vw- , 
liUlmaiaaalt—ti,    SU.  Tlu iWuelMd  Mibrjo. 
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Peralmmon.  The  fruit,  which  is  extremely  auatere  and  astrin- 
gettl  when  greeo,  is  sweet  and  entable  when  fully  ripe.  The  bark 
is  powerfully  asiriageDt  Eboni)  is  the  wood  of  D.  Ebenua  aod 
other  African  aod  Asiatic  species. 

826.  Ord.  StfnCBCCfB  (the  Storax  Foni/jr).  Shrub*  or  trees  with 
perfect  flowers.  Calyx-tube  coherent  either  with  the  base  of  the 
ovary,  or  with  its  whole  surface.  Styles  and  stigmas  perfectly 
united  into  one.  Stamens  more  or  less  united.  Cells  of  the  ovary 
opposite  the  calyx-lobes.  Otherwise  much  as  in  the  last  family.  — 
Ex.  Styrax,  Halesia,  Syraplocoa.  Some  yield  a  fVagrant,  bal- 
samic resinous  substaace  ;  such  as  Storax  and  Benzoin,  cootaining 
Bcnioie  acid.  The  sweet  leaves  of  our  Symplocoe  tincloria  aflbrd 
a  yellow  dye. 

SZl.  Old.  SqwIaCNB  {the  S<^diIIa  Family).  Trees  or  shrubs, 
tuually  with  a  milky  juice ;  the  leaves  alternate,  entire,  coriaceous, 
the  upper  surface  commonly  shining.  Flowers  perfect,  regular,  ax- 
illary, usually  in  clusters.  Calyx  four- toeight-parted.  Corolla  four- 
to  eight-  (or  many-)  cleft  Stamens  distinct,  inserted  on  the  tube 
of  the  corolla,  commonly  twice  as  many  as  its  lobes,  half  of  tbeia 
feriile  and  opposite  the  lobes,  the  olhera  petaloid  scales  or  filemeols 
and  alternate  with  them:  anthers  exirorse.  Ovary  4-13-celled, 
with  a'single  ovule  in  each  cell.  Styles  united  into  one.  Fruit  a 
berry.  Seeds  with  a  bony  testa,  with  or  without  albumen.  —  £z. 
Bumelia  of  the  Southern  United  States.  The  fniit  of  many  spe- 
cies is  sweet  and  eatable ;  such  as  the  Sapodilla  Plum,  the  Marma- 
lade, the  Star-Apple,  and  other  West  Indian  species.  The  large 
seeds,  particulariy  of  some  kinds  of  Bassia,  yield  a  bland  flxed  oil, 
which  is  sometimes  thick  and  like  butter,  as  in  the  Chee,of  India 
(B.  butyracea),  and  the  African  Butter-tree,  or  Shea,  described  by 
Mungo  Park. 

628.  Otd.  MfninBCeiB.  Trees  or  shrubs,  mostly  with  altemata 
coriaceous  leaves,  which  are  oflen  dotted  with  glands,  and  with  all 
the  characters  of  Primulaces,  except  the  drupaceous  fruit  and 
arborescent  habit  —  Nearly  all  tropical  (Ardiua,  Myraine). 

629.  Ord.  Primilaeev.  Herbs,  with  opposite,  whorled,  or  alter- 
nate leaves,  often  with  naked  scapes  and  the  leaves  crowded  at  the 
base.  Calyx  four-  or  five-cleA  or  toothed,  usually  persistent 
Corolla  rotate,  hypocrateriform,  or  campanulate.  Stamens  insert, 
ed  on  the  tube  of  the  corolla,  as  many  as  its  lobes  and  opposite 
them  I     Ovary  free,  one-celled  with  a  free  central   placenta  I 
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Omies  mostly  indefinite  and  amphitropous.  Style  and  stigma  sin- 
gle. Fruit  capsular :  the  fleshy  central  placenta  attached  to  the 
base  of  the  cell.  Seeds  albummoua.  Embryo  transTerse.  —  Ex. 
Primula  (Primrose),  Cyclamen,  Anagsllis.  In  Samolus,  the  ca- 
lyx coheres  with  the  base  of  the  ovary,  and  there  is  a  row  of  sterile 
filameDls  occupying  the  normal  position  of  the  first  set  of  stamens, 
namely,  alternate  with  the  lobes  of  the  corolla.  Of  little  caaae- 
queuce,  except  for  their  beauty. 


830.  Ord.  PlintlElMeta  (the  Plantain  Faniils).  Chiefly  low 
herbs,  with  small  spiked  flowers  on  scapes,  and  ribbed  radical 
leaves.  —  Calyx  four-clef^  persistent.  Corolla  tubular  or  urn- 
^ped,  ecarious  and  persistent;  the  limb  four-cleft  Stamans 
four,  inserted  on  the  tube  of  the  corolla  alternate  with  its  seg- 

Pie.  an.  PrlBnli  paUln.  SS3.  Til*  conn*  nuMTad :  lu  tnbg  l«lil  gpaiL  SH.  Tbecilri 
dtnUfanlullriituwLaitbplni].  SB.  Vwllal  Hctkn  or  Iba  onrr  uut  oT  ibe  fme  uminl 
pkwu,  connd  wlib  othIo,  whicb  hvIt  Olli  ite  ull.  SSB.  Ckpnih  oT  PMimila  rirtt,  d» 
libuni  II  tba  mmmJI  bf  DumafSDi  UNli  tOT.  A  miicnllleil  mi.  SBS.  8Kihin  aCOm  mjDt, 
tthlbUiiii  Ik*  uunw*  Mnbtjo. 

ria  B9S.  BnncbarAunllliimBriaCnnpRBgl),  irh.baap«)iiln»ln(tlHUiigof  dp 
MoBliiUi  ddklKWK*.    SXK  T)i*upn;g<|>]>xKe»>.  wllhih*UilUliii(*»v 
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menta;  the  peniateot  filaments  long  and  fUccid.    Ot»7  two- 
„,  „  celled :  style  ungta.    Cspsule  (pyxia) 

membranaceous,  opening  by  circumscu- 
sile  dehiscence;  (be  cells  one- to  ser- 
eral  seeded.  Embryo  large,  stiaigbt, 
in  fleshy  albumen.  —  Ex.  Plaotago,tbe 
Flantun,  or  Ribgrass,  is  the  pri«»pal 
genua  of  the  order.  It  is  destitute  of 
any  important  economical  qualities. 

831.  Old.  Flunbtgliinea  {the  Ltadmrrt 
Family).  Perennial  herbs,  or  somewhat 
shrubby  plants ;  with  the  flowers  often 
on  simple  or  branching  scapes ;  and  the 
leaves  crowded  at  the  base,  entire, 
mostly  sheathing  or  clasping. — Calyi 
tubular,  plaited,  five-toothed,  persisleoL 
Corolla  hypocrateriform,  with  a  fi»e- 
»"  »"  parted  limb,  the  five  stamens  inserted  ob 

the  Teoeptacle  opposite  its  lobes  (Plumbago);  or  else  of  five  almost 
distinct  unguiculate  (scarious  or  coria- 
ceous) petals,  with  the  stamens  inserted 
on  their  claws  I  (Statice,  Sec. )  In  the  for- 
mercase  the  five  styles  are  united  nearly 
to  the  top ;  but  in  the  latter  they  are  sep- 
arate 1  Ovary  one-celled,  with  a  single 
ovule  pendulous  from  a  strap-abaped  fu- 
niculus which  rises  from  the  base  of  the 
cell.  Fruit  a  utricle,  or  opening  by 
five  valves.  Embryo  large,  in  thin  albu- 
men,—  Ex.  Statice  (Marsh  Hoaemary, 
Sea  Lavender),  and  Armaria  (Thrift) ; 
sea-side  or  saline  plants.  The  Statices 
have  astringent  roots :  none  more  so 
than  those  of  our  own  Marsh  Rosemary 
or  Sea  Lavender  (S,  Caroliniana),  one 
of  the  best  and  most  intense  astringents  of  the  materia  medica. 

FIO.  831.    A  (kimr  anluguL    833,  Piatll    831.  Ctpnila  (priii,  SIS)  wHh  Um  maxemUK 

conlli.    B34   C^lH■•KLiaaorlbg□^■ulould■Md•.    83S.  Tenlul  iKlian  of  « iMd. 

FIO.  B3fi.    Corvlla,  iwl  S37,  uJri  of  Thclft  (Acmrii  Tul^ria).    838.  PMU  villi  diaiB 
■tflH.    ess.  CrDii.McUMt  of  tlia  ivd  ud  ■ML    BM.  T«nk*l  mmIdh  nf  llmlTMyi  nmnihi 
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'  832.  ffri.  loitiMlHC  [the  Bladdeneort  FmiJ/jt).  Hertw,  grow- 
ing in  water,  or  wet  places,  with  the  flowen  on  scapes ;  the  leaves 
either  submersed  and  dissected  into  filiform  segments  resembling 
rootlets,  and  commooly  furnished  with  air-bladders  to  render  them 
buoyant;  or,  when  produced  in  the  air,  entire  and  somewhat 
fleshy,  clustered  at  the  base  N>f  the  scape.  Flowers  showy,  very 
irregular.  Calyx  of  two  sepals,  or  unequally  five-parted.  Corolla 
bilabiate,  personate ;  the  very  short  tube  spurred.  Stamens  twoi 
inserledon  the  upperlipofthecorolla:  anthers  one -celled.  Ovary 
free,  one>cellod,  with  a  free  central  placenta  I  bearing  numerous 
ovules.  Fruit  a  capsule.  Seeds  destitute  of  albumen.  Embryo 
straight  —  Ex.  Utricularia  (Bladderwort),  Pinguicula.  Unimpor- 
tant plants. 
883.  Ord.  Onbucbuen  {the  Broom-Rt^  FamUy).    Herbs,  des- 


titute of  green  foliage,  and  with  scales  in  place  of  leaves,  parasitie 


na.  MI.  Bnoeh  oT  EpIptHfui  TirflDlwii  (BHcMntHO,  OMil;  of  lU  » 
lomr  Bonn,  wiih  ihort  Impgrlsci  cornllu,  iIoh  {roduclnf  rl|H  aHdi.  Ml 
IU|*L    M3,  tangkudlDil  HieiiDn  gf  Ihs  BiM.    844.  LonKlludlnil  iHlton  of  l 


Dan  oTiIh  iwna,  ibiiwlng  Iha  iw 
Um  oT  lb*  MiiH,  uUblilnf  iba 

FIG.  M8.  Orolancba  unlBan,  nduuil  Id  iIis. 
SBO.  Thi  Hmt  lud  apaD,  •howins  Iba  dldfnuDoui  K 
•olhK.   eta,  A iMjiKtoii iw«il.    BG3.  GKIioaor^hsi 


pvlau]  pUcvlB.    84B.  AblfUr™(°tB«lM<l-    647. 
I.  A  BowD  abouc  ttv  du  oT  ni 
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on  ibe  roota  of  otber  pl&nU ;  the  flovera  solitauy  or  spicatB.  Calyx 
peniatent,  four-  or  fire-toothed  or  bilabiate.  Corolla  wilhering  or 
penisteDt,  with  a  bilabiate  or  more  or  less  irregular  limb.  Sie- 
mens four,  didynamous,  inserted  on  the  corolla.  Ovary  free,  oae' 
celled,  with  two  parietal  placents  I  which  are  often  two-lobed,  or 
divided.  Capaule  inclosed  in  the  persistent  corolla.  Seeds  very 
numerous,  minute.  Embryo  minute  at  the  extremity  of  the  albu- 
men.  —  Ex.  Orobancbe,  Epiphegus  (Beech-drops),  &e.  Astrin- 
gent, bitter,  and  escharotic.  The  pulverized  root  of  Epiphegus 
(tbence  called  Cancer-root)  is  applied  to  open  Cancers.* 

834.  Ord.  WgUMilRS  {the  Bigtumia  Fami/jr).  Mostly  trees,  or 
climbing  or  twining  shrubby  plants,  with  large  and  ^owy  flovrers, 
and  opposite,  simple,  or  mostly  pionalely-compound  leaves.  Ca- 
lyx five-parted,  two-parted,  or  bilabiate,  often  spathaceoua.  Corol- 
la with  an  ample  throat,  and  a  more  or  less  irregular  live-lobed  or 
bilabiate  limb.  Stamens  five,  inserted  on  the  corolla,  of  which 
one,  and  often  three,  are  reduced  to  sterile  filaments  or  rudiments : 
when  four  are  fertile,  they  are  didynamous.  Ovary  two-celled, 
with  the  placenlffi  in  the  axb ;  the  base  surrounded  by  a  fleshy 
ring  or  disc.  Capsule  woody  or  coriaceous,  pod-shaped,  two- 
valved,  many-seeded.  Seeds  winged,  destitute  of  albumen.  Co- 
tyledons foliaceous,  flat,  heart-shaped,  also  notched  at  the  apex. 
—  Ex.  Bignonia  (Trumpet-Creeper),  Catalpa,  and  other  tropical 
genera.    Of  little  importance,  except  as  ornamental  plants. 

635.  Snbord.  SHamen  {the  Sesamum  Family)  has  few  and  wingless 
seeds ;  the  fruit  indurated  or  drupaceous,  of^en  two-  to  four-horned, 
sometimes  perforated  in  die  centre  from  the  dissepiments  not 
reaching  the  axis  before  they  diverge  and  become  placentiferous, 
and  spuriously  four-  to  eight-celled  by  the  various  cohesion  of 
parts  of  the  placentte  vrith  the  walls  of  the  pericarp.  —  Ex.  Sesa- 
mum, Martynia  (Unicom.plant),  and  some  other  tropical  plants. 

636.  Oni.  AtaBlhues  {the  Acanlhut  Familg).  Herbs  or  shrubby 
plants,  with  bracteale,  often  showy  flowers,  and  opposite,  simple 
leaves,  without  stipules.  Calyx  of  five  sepals  united  at  the  base, 
or  combined  into  a  tube,  persistent    Coralla  bilabiate,  or  some- 


*  0«D.  OESNERIACE^  contisliiig  of  tropica]  bortn,  with  green  bliaga 
and  Rhowj  Bowers,  the  csJjx  ottea  partly  adherent  to  the  OTaiy,  agnt*  wiilt 
Orobanchaces  in  the  parietal  placeDUUion,  b;  which  both  are  distiDgaiahel 
ftom  all  other  orders  of  this  gronp- 
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times  nearly  equally  five-Iobed  :  sestivation  convolute  1  Stamens 
four  and  didynamous,  or  only  two,  the  anterior  pair  being  abortive 
or  obsolete,  inserted  on  the  corolla.  Ovary  two-celled,  with  the 
placents  in  the  axis,  often  few-ovuled.  Seeds  (sometimes  only 
one  or  two  in  each  cell)  usually  supported  by  hoqjted  processes  of 
the  placenta,  destitute  of  albumen.  —  Ex.  Acanthus,  Dlantfaera. 
A  lai^  family  in  the  tropics.    Many  are  ornamental. 

837.  Old.  ^roplmlullMa  {the  Figwort  Family).  Herbs,  or 
sometimes  shrubby  plants ;  with  opposite,  verticillate,  or  alternate 
leaves.  Calyx  of  four  or  five  more  or  less  united  sepals,  pereist- 
ent  Corolla  bilabiate,  personate,  or  more  or  less  irregular ;  the 
lobes  imbricated  in  EBslivation.  Stamens  four  and  didynamous,  the 
fifth  stamen  sornetimes  appearing  in  the  form  of  a  sterile  filament. 


or  very  rarely  antheriferous ;  or  often  only  two,  one  pair  being 

riQ.  B54.  BnuKb  of  OHudii  pnrpurH.  SS6.  Corolla,  of  ih*  ouunl  ^ii,  laid  opon.  BSB. 
OaljxtainjUotitmmniB.  SG7.  IHa^nined  InntfUM  mcUod  of  llu  upnil*,  wtlh  on*  ortbt 
nliHimntcil.    B5S.  Hi>(Bia«liKiloaaraiHd. 

FIO.  880.  Onllali  mtm,  nuuisl  iIb.  S61.  Conll*  Ud  opan,  ihcwlnf  Iha  two  ftrtuX  *Uf 
Dwauid  two  nidlmenlirj  SluniDU(4£l)  u  nil  u  the  pliilL  8GS.  Ttw  psihcl  iuomiu  ud 
•Urila  filunoni  or  Cbslou.    SGI.  Flowar  9(  *  LIuri*  (TouMu,  n  SmiiJngDD),  «iili  ■  pac 
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either  Buppressed  or  reduced  to  sterile  filameatB,  inserted  on  the 
corolla.  Ovary  free,  two-celled,  with  the  placents  united  in  the 
axis.  Capsule  two-valved.  Seeds  tDdelinite,  albumiaous.  Em- 
bryo small.  —  Ex.  Scrophularia,  Verbaacum  (Mullein,  which  ii 
remarkable  for  the  nearly  regular  corolla,  with  five  perfect  sta- 
mens), Linaria,  Antirrhinuro  (Snapdragon),  &c. — The  planta 
of  this  large  and  important  order  are  generally  to  be  suspected  of 
deleterious  (bitter,  acrid,  or  drastic)  properties.  The  most  impo> 
lant  medicinal  plant  U  the  Foxglove  (Digitalis  purpurea),  so  re- 
markable for  its  power  of  lowering  the  pulse.  Numerous  species 
are  cultivated  for  ornament. 

838.  Ord.  TerbtnacCR  {the  Vervain  Family).  Herbs,  shrubs,  ot 
even  trees  in  the  tropics,  mostly  with  opposite  leaves.  Cdyi 
tubular,  four-  or  five-toothed,  persistent.  Corolla  bilabiate,  or  the 
four-  or  five-lobed  limb  more  or  less  irregular.  Stamens  mostly 
four  and  didynamous,  occosiooally  only  two,  inserted  on  the  co- 
rolla. Ovary  free,  entire,  two-  to  four-celled.  Fruit  drupaceous, 
baccate,  or  dry,  and  splitting  into  two  to  four  indehiscent  one- 
Beeded  portions.  Seeds  with  little  or  no  albumen.  Embryo 
•tiaight,  inferior.  —  £z.Verbena  (Vervain,  Fig.  863-671)  is  tba 


principal  representative  in  cooler  regions.    There  are  many  othen 

FTQ.  8B3  ud  8M.    Flmni  of  i  Tgrbn*  anUrpd.    8H.  Tl»  conUi  Uld  opu.    SSt  PMU 

St7.  TbarrulL  863.  Cn»«uifiiiiir  tba  jomig  rnikudtbacoouliMiliMU.  B68.  Frail  Hp- 
mUnj  low  lu  four  nuculw.  970  CivhkUoii  of  ami  oucala  or  perlurp,  ud  t.  wllol  M- 
Itonofitulomr  p.n,ihowJii(tlmuriic*ofU>«cciBUlD»iiml  S71.  TaiticJil  auine  ihmfk 
(b*  DBClili,  Had,  *Dd  ambcjo. 
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ID  the  tropics,  mostly  trees ;  one  of  which  la  the  gigantic  Indian 
Teak  (Tectona  grandia),  remarkable  for  its  very  heavy  and  dura- 
ble wood,  which  abounds  in  silez.  The  leaves  of  the  Aloysia 
citiiodora  of  the  gardens  yield  an  agreeable  perfume.  Others 
are  bitter  and  aromatic. 

639.  Sobord.  I  FbrfmiUitS  (Phryma)  is  separated  on  account  of 
its  simple  pistil,  uniovulate  ovary,  spirally  convolute  cotyledons, 
and  superior  radicle. 

S40.  Ont.  LibiatB  (the  LaMale  or  Mint  Family).  Herbs,  or 
somewhat  shrubby  plants,  with  quadrangular  stems,  and  opposite 
or  sometimes  whorled  leaves,  replete  with  receptacles  of  volatile 
oil.  Flowers  in  axillary  or  terminal  cymules  (413),  rarely 
solitary.  Calyx  tubular,  persistent,  five-toolhed  or  deft,  or  bi- 
labiate. Corolla  bilabiate.  Stamens  inserted  on  the  corolla, 
four,  didynamous,  or  only  two,  one  of  the  pain  being  abortive 
or  wanting.  Ovary  free,  deeply  four>lobed ;  the  central  style 
proceeding  from  the  base  of  the  lobes.  Fruit  consisting  of  four 
(or  fewer)  little  nuts  or  achenia,  included  in  the  pemistent  calyx. 
Seeds  with  little  or  no  albumen.  —  £if.  The  Sage,  Rosemary, 


Lavender,  Thyme,  Mint,  &,c.,  are  familiar  representatives  of  this 


FIG.  Snt.  FloHirafOlschiKPihBdBnu^  arOnmndlrj.  873.  AppnulmiiaiiiiUien  orow 
piliaraunwu,  rnagDlbd  874.  F1a*nr  of  iLamlum.  SK.  (.'oinlJ*  of  L  unpliiiuuln  (DbuI 
Knita).  tald  open,  »lBwing  the  rllilyn»nioiu»um(iiii,fce.  BW.  C»] ji  •nd  cofoll«  ol  Sculoll*rt« 
(■!*n«iliu  {Skull«ip),  .  B7T.  SscltiKi  oT  tha  Enlar|«]  ulji  of  Lbi  Hnie,  bringing  u  rlsv  lh« 
d«{i(;  four-lobed  otmj,  ™i»l  on  ■  ihDn  (jDobun.  873.  CniMncilon  of  ■  nagnlBnl  ■ch* 
Blum.  S79.  Venical  iKLIon  of  lbs  uiM,  ihowlag  Ihg  ■unbrj'D.  B81.  Flowar  sf  Tfucrium 
CuiukuiM.  G8i.  MagnlfitdBnllMrorihaKiDg.  SS3.  Sumen  of  IboThfDU.  S84.  Flowetof 
HoDuili.  SS£.  Magniaad  iniher  of  Ihg  wni.  S86.  Fhmer  efi  SiJ'li;  DhuJjiu  nllu 
tlHCDrDlli  bilablua.  S90.  MKgnlGnd  luninii  of  the  mot,  wltb  vldalj'  Hpanled  uittaarcolli, 
MM  of  nhicb  (<»  ii  paLUnllaniui,  tbiolbei  (A)  Imptrbcl. 
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tmiyersally  recogoized  order.  Their  velt-knovn  cordial,  aio- 
matic,  and  atomochic  qualities  depend  upon  a  volatile  oil,  coo- 
tained  in  glandular  receptacles  whicb  abound  in  the  leaves  and 
other  herbaceous  parts,  with  which  a  bitter  priociple  is  variously 
nixed.    None  are  deleterious. 

841.  Onl.  BtngiiaetB  {the  Borage  Family).  Herfaa,  or  eonie- 
times  shrubby  plants ;  with  round  stems,  and  alternate,  rough 
leaves ;  the  flowers  oAen  in  one-sided  clusters  (406),  which  are 
spiral  before  expansion.  Calyx  of  five  leafy  and  persisienl  sepals, 
more  or  leas  united  at  the  base,  regular.  Corolla  regular ;  tbe 
limb  five-lobed,  oAen  with  a  row  of  scales  in  tbe  throat  Stamens 
inserted  on  the  corolla,  as  many  as  its  lobes  and  altemale  with 
ihem.  Ovary  deeply  four-lobed,  the  style  proceeding  from  tbe 
hose  of  the  lobes,  which  in  fruit  become  little  nnts  or  hard  acbenia. 
Beeda  with  little  or  no  albumen. —  £c.  Dorago  (Borage),  Litbo> 
spermum,  Myosotis,  Cynoglossum  (Hound's-longue),  Heliotropium, 
dtc  In  Echiuro,  the  limb  of  tbe  corolla  is  somewhat  irregular, 
and  iba  stamens  unequal.     lonbcent  mucilaginous  plants,  with  a 


slight  astringency:  hence  demulcent  and  pectoral ;  as  tbe  roots  of 

FIG.  ffrr.  Mr<H(l>,  «  PorgMina-iiot.  868.  Ilu  nui*  eonlla  t*td  opsa,  ■bnrliif  Uw 
■alM  of  iht  thfui,  uid  (hi  ibsn  nwimu.  889.  The  pinll,  oiiblUlbur-labsiIoTur.  BK. 
Tha  ctlji  ID  fnijl ;  twD  d(  Lbo  UlUa  nuu  luTin;  Mien  imf  fnnn  tha  nupuci*.  Sat.  Stocikn 
oT  ■  nut.  or  raiher  achanlum,  ahoviiiK  Ibe  «nibr]Fi>.  B92.  Biicama  of  STmphrLum  offictuta 
ICmolitf),  am.  A  corolla kU span;  aihitililng  the  luKwUlaandpolniadacataofitHUimi. 
tliarmu  with  iba  "*"iw)fi 
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&e  Comfrey.  The  roots  of  Aochusa  tinctoria  (Alkanet)  and  Bat* 
•chia  canescena  (used  by  the  aborigines  under  the  oame  of  Puc- 
coon)  yield  a  red  dye. 

84S.  Old.  HrdropbrliieCB  (the  Waier-Uaf  Family).  Hefbs,  usu- 
ally,with  alternate  and  lobed  or  pinnatifid  leaves;  the  flowers 
mostly  in  cymose  clusters  or  unilateral  racemes.  Calyx  five-cleft, 
with  the  sinuses  often  appendaged,  persistent.  Corolla  regular, 
imhricated  or  convolute  id  seativation,  usually  furnished  with  settles 
or  honey-bearing  grooves  inside  ;  the  five  stamens  inserted  into  its 
base,  alternate  with  the  lobes.  Ovary  free,  with  two  parietal  pla- 
eentie,  which  sometimes  dilate  in  the  cell  and  appear  tike  a  kind 
of  inner  pericarp  in  the  capsular  fruit.  Styles  partly  united. 
Seeds  few,  crustaceous.  Embryo  small,  in  hard  albumen.  —  Ex. 
Hydrophyllum,  Nemophila,  and  Phacelia ;  neariy  all  North  Amer> 
ican  plants,  some  of  them  handsome  in  cultivation. 


Pia.  SH.  BTdnphrnnB  TInlntciim.  SU.  A  fiomr,  nniir  of  iha  nut 
mill  lild  opan.  BK.  Cipnla,  with  Iba  piriliUDl  ctiji  wid  njla,  88S  I 
,  lUM,  i)h  ur.tf  miad  ty  Iwa  and*.  SW.  HifnlBad  mt.  Wa  SacUon 
Hi|Uf  mgniaad  tmiwjo. 
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643.  Srd.  HTdnlcttra  difiers  (not  sufficiently)  {torn  the  lut  1^ 
the  siraple  and  entire  leaves,  the  two-celled  orary,  the  two  distinct 
styles,  aad  the  numerous  seeds. —  £x.  Hydrolea,  Nama:  chiefly 
nativea  of  warm  regions. 

844.  M.  FokiBBliUMe  (the  Polenumivm  Femily).  Herbs,  with 
alternate  or  opposite  leaves,  and  panicled,  corymbooe,  or  civwteted 
flowers.  Calyx  five-clell.  Corolla  regular,  with  a  live-lobed  limb, 
convolute  in  sestivation.  Stamens  five,  inserted  on  the  corolla  al- 
leroate  with  its  lobes,  often  unequal.  Ovary  free,  thVoe>celled,  with 
a  thick  axis,  bearing  few  or  numerous  ovules:  styles  united  iatoooe: 
stigmas  three.  Capsule  three-valved,  loculicidal ;  the  valves  also 
usually  breaking  away  from  a  thick  central  column  which  bests 
the  seeds.  Embryo  straight,  in  fleshy  or  horsy  albumen.  —  £t. 
Polemonium  (Greek  Valerian),  Phlox,  Gilia.  Chiefly  North  Amer- 
ican ;  many  are  very  common  ornamental  plants  in  cultivation. 


845.  Old.  UipCDSiateB.  Low,  prostrate,  and  tulUd  sufiruiicoee 
plants  ;  with  crowded  and  evergreen  heath-like  leaves,  and  solitary 
terminal  flowers.  Difiering  from  the  last  family  chiefly  in  the  traiH- 
veisely  two-valved  anthers,  and  amphitropous  seeda;  and  doubt- 
less to  be  united  to  it.     Consists  of  two  plants  only,  vi^  the  Alpim 


Q.  SOL  Flonn  of  Fi>)uiioniDin.  SOa  Flqwan  of  FUoi.  OH.  Onnth  ofttam,  W 
,il»i>lnttlu(Uni«(uiMqiullrl>iMruilsnlULubB.  KM.  FlKil  oftlMniM.  tOt  Cnw- 
on  of  tba  capniLa  of  INilsiiioiilDDi.  SOT.  CmHtcthn  oT  ■  m^tAod  md.  811.  PHpa- 
UHalMorHHwiH.  013.  HifBlOadabrTB.  toa  Uovwiloa  of  iha  Mdmoi  op 
.    M«,eiiXUfnilaarL4pialKV7liiiL 
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Diapensia,  and  Pyzidantbere,  of  the  Piae-borrena  of  New  Jer- 
sey; &c. 


846.  Ord.  CoiVOlnlatCB)  {the  Convohtdua  Family).  Twining  or 
treilinf  herbs  or 'shrubs,  oflen  with  milky  juice;  the  leaves  aher- 
nale,  and  (be  flowers  regular.  Calyx  of  five  sepals,  imbricated,  or 
usually  more  or  less  uoiled,  persistent.  Corolla  supervolute  in 
estivation  (Pig.  363) ;  the  limb  ofleD  entire.  Stamens  five,  insert- 
ed on  the  tube  of  the  corolla  near  the  base.  Ovary  free,  two-  to 
four-celled,  with  one  or  two  erect  ovules  in  each  cell :  styles 
united,  or  more  or  less  distinct.  Capsule  two-  to  four-  (or  by  obliu 
eration  one-}  celled  ;  the  valves  falling  away  from  the  persistent, 
dissepiments  (septifragat).  Seeds  Urge,  with  a  little  mucilaginous 
albumen :  embryo  curved,  and  the  foliaceous  cotyledons  usually 
crumpled.  —  Ex.  Convolvulus  (Moming-Glory,  Bindweed).  They 
all  contain  a  peculiar  strongly  purgative  resinous  matter,  which  is 
chiefly  found  in  the  acrid,  milky  juice  of  their  thickened  or  tuber- 
ous roots.  Convolvulus  Jalapa,  and  other  Mexican  species,  fur- 
nish the  Jalap  of  the  shops.  The  more  drastic  Seammony  is  de- 
rived  from  the  roots  of  C.  Scammonia  of  the  Levant.  There  is 
much  less  of  this  in  those  of  Convolvulus  panduratus  (Mechameck, 
Man-of-the> Earth,  Wild  Potato-vine)  :  while  those  of  C.  macrorhi« 
BUS  of  the  Southern  States,  which  sometimes  weigh  40  or  50  pounds, 
are  farinaceous,  with  so  slight  an  admixture  of  the  peculiar  resio 
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M  to  be  quite  inert ;  &s  is  also  the  case  with  the  Babatas,  or  Sweet 
Potato,  an  important  article  of  food.  —  To  this  bmily  are  appended 


647.  Snbord.  DIehOBdnB<     Ovaries  two  to  four,  either  entirely 
dieiinci  or  ifith  their  basilar  styles  united  in  pain.     Creeping 


FIO.  93[,  ConTOlnilni  purpureH.  091  Tb»  j^LlL  923.  Section  nf  Lhi  upiul<,  ud  of  Ihs 
twa  Mad*  la  mtb  ctO.  9M.  Chgwla  (nduud  la  Uu),  otwn  Ihe  nln>  ban  i>I[«  awsr  frm 
IheilliKliiiHBU;  udonaorihaHBlL  035,  MisailMtnim-mBa\ano(weei.  VS.  BaHwjl}, 
wilh  Iba  laaf-llka  Iwo-lobail  cotjladaiw  upraad  oyL  K7,  BmniB,  allb  Iha  Iwo  eiit/leikiDa  a^a- 
catad  and  laid  opan. 

Pia.  Sas.  A  pkoa  of  Cuacuu  GnnoTll,  Iba  umnxm  Doddu  at  Lha  NDRhara  Unltad  Suiai, 
af  tha  nauiial  ■!».  9».  A  Ikwar,  enlirnd.  S30.  Tbt  WDa.  laid  span.  831.  Saelknarite 
tTtlf.    OSi.  SaclloD  Df  tim  Gapnila  and  laaiU.    933.  Tba  aplnJ  amtejD  dataclwl,    8M.  Tta 
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plsnls,  with  utiltary  and  scape-like  one-flowered  peduncles.  —  Ex. 
Dichondra. 

846.  Sibeid.  CDKnttDCB.  Ovary  two-celled ;  the  capsule  open> 
ing  by  circumscJsaile  dehiscence,  or  bunting  irregularly.  Embryo 
filiform,  and  spirally  coiled  in  fleshy  albumen,  destitute  of  cotyle- 
dons I  Parasitic,  leafless,  twining  herbs,  destitute  of  green  color 
(135).  Stamens  usually  furaished  with  fringed  scales  within.  — 
Ex.  Cuscuta  (Dodder). 

849.  (M.  SoluutB  (the  NighUluuU  FatnUp)  differs  from  Scroph- 
ulariacees  chiefly  in  the  regular  (rarely  somewhat  irregular)  flow- 
era,  with  as  many  fertile  stamens  as  there  are  lobes  to  the  co- 
rolla (four  or  fire),  and  the  plaited  or  valvale  ssttvation  of 
the  corolla.  Fruit  either  capsular  or  baccate.  Embryo  small, 
mostly  curved,  in  fleshy  albumen.  —  Et.  Solanum  (Potato),  Nico- 
dana.  The  fruit  of  Datura  is  spuriously  four-celled.  —  Stimu- 
lant narcotic  properties  pervade  the  order,  the  herbage  and  fruita 
of  which  are  mostly  deleterious,  often  violently  poisonous,  and 
furnishing  some  of  the  most  active  medicines ;  such  as  the  To- 
bacco, the  Henbane  (Hyoacyamus  niger),  the  Belladonna  (Atropa 


Belladonna),  the  Thorn-apple  or  Jamestown  Weed  (Datura  Slra- 
m),  sjid  the  Bittersweet  (Solanum  Dulcamara);   the  last 


FIQ.  ass.  Flomr  atTabvxa  (Nicoilua  Tituum).  936.  Tbe  »twils,  dehlaunl  U  iha 
ipei,  with  Ihe  penLilKnt  ulri.  93r.  Cnm-ncUmi  of  lbs  wm.  S38.  NLignllM  Hcllun  of 
Ihaieedor  Snluuni,  e39.-Flowan  uidberriM  of  Snlumm Dulcuoim.  HO.  flowtc af  Hyim- 
cjruMUDlfN.    Ml.  PrulL(prii',6ie)orilMiuH. 
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aaiy  slightly  naicotic.  Yet  the  berries  of  some  SoIaDums  an 
eatable  when  cooked  (as  ToraatoeB,  the  Egg-Plant,  &c.),  and 
tbe  starchy  tubers  of  the  Potato  are  a  moat  importaat  anicle  of 
food.  But  the  fruit  and  seeds  of  Capsicum  ( Cayenne  pepper)  are 
stimulant. 

650.  Ord.  flentluiois  {the  Gentian  Familg).  Herbs,  with  a 
watery  juice ;  the  leases  opposite  and  eolire.  Flowers  regular, 
often  showy.  Calyx  of  usually  four  or  five  persistent,  more  or 
less  united  sepals.  Corolla  mostly  convolute  in  (estivation;  tbe 
stamens  inserted  on  its  tube.  Ovary  one-celled,  with  two  parietal, 
but  often  iatroflexed,  placentfe;  styles  united  or  none.  Capsule 
many-seeded.  Seeds  with  fleshy  albumen  and  a  minute  embryo. 
—  Ex.  Gentiana,  Fresera  (the  American  Columbo).  A  pure  bit- 
ter and  tonic  principle  (Gentuunne)  pervades  the  whole  order. 
Gentiana  lutea  of  Middle  Europe  furnishes  the  ofijcioal  GenHam, 
for  which  almost  any  of  our  species  may  be  substituted. 

851.  Sabsid.  KeoyintltldctB  {Iht  Buekbean  Familg)  has  alteroate, 
sometimes  irifoliolate  or  toothed  leaves,  and  a  valvate-induplicate 
Bstivation  of  the  corolla.  —  Ex.  Menyanthes,  Lironaathemum  (this 
bears  tbe  peduncles  on  the  petiole.  Fig.  949).  , 


652.  Sabord.  Oboluies  has  an  imbricalive  estivation  of  the  co- 

PIO.  M3.  Flomr  arOnllinil  vifnalllbllL  043.  QmOm,  and  M4,  lb*  ciil;i,  Uid  afaa. 
MS.  Thaplnll.  M8,  CTH>-Hctli>ODfibsiri>ilI,>bai>Jn(tbg|Briaul(U>chmgnLofUiai)iDta. 
047.  Bipe  uivule  ofG.  Sapontrlft,  nltedun  ntlypn:  LhepsnutDnt  ivILhannf  con^la.  Ac.uhh 
tnr.  Mj.  A  lugTilOml  iHid,  »iih  lu  lufi  ud  hHM  MU.  H9.  L«r  or  UmnalbuiiiB 
(VilUnli),  bKrin|itHfl(nnnoalup«Jol«. 
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nriia,  opposite  leares,  and  the  whole  internal  surface  of  the  ovary 
ovuliferous  I  —  Ex.  Obolaria. 

653.  Ord*  ApotynaceB  (rAe  Doghtme  Famity).  Trees,  shrubs,  or 
herbs,  with  milky  juice,  and  opposite  entire  leaves,  without  stipules. 
Flowers  regular.  Calyx  five-clef^,  persistent.  Corolla  five-lobed, 
twisted  in  estivation.  Filaments  distinct;  the  anthers  sometimes 
slightly  connected:  pollen  granular.  Ovaries  two,  distiact,  or 
nrely  united,  but  their  styles  or  stigmas  combined  into  one:  in 
frail  usually  farming  two  follicles.  Seeds  oAen  with  a  coma. 
Embryo  large  and  straight,  in  sparing  albumen.  —  E!x,  Apocynum 
(Dog's-bane,  Fig.  950),  Vines  (Periwinkle)  ;  and  a  great  number 
of  tropical  shrubs  and  trees.  In  all,  the  juice  is  drastic  or  poison- 
ous, and  often  yields  eaoulehoue ;  which  in  Sumatra  is  obtained 
^m  Urceola  elastica.  The  well-known  Nux  vomica  is  the  seed 
of  Strycbnos  Nux-vomica  of  India.  S.  loxifera  yields  the  fanxHis 
Woorari  poison  of  Guiana.  One  kind  of  l^xu  is  obtained  from 
the  bark  of  the  root  of  S.  Tieute  in  Java.  The  poisonous  princi- 
ple in  these  plants  is  an  alkaloid,  called  Stryelmia. 


854.  Old.  AttltplldBMS  (the  Milkweed  Famils).  Herbs  or  shrubs, 
with  milky  juice,  and  opposite  entire  leaves ;  mainly  differing  from 
the  precedmg  order  (as  they  do  from  all  other  Exogenous  plants) 
by  the  peculiar  connection  of  the  stamens  with  the  stigma,  and  the 
cohesion  of  the  pollen  into  wax-like  masses,  which  are  attached  in 


FIO.  wo.    ApBcrno 
>kk  Uwulban  onn) 
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pain  to  five  glands  of  the  Btigma,  and  removed  from  the  anlber- 
cells  usually  by  the  agency  of  insects.  Fruit  consisting  of  two 
follicles.  Seeds  usually  with  a  silky  coma.  —  Ex.  Asclepias  (Milk- 
weed, Wild  Cotton).  The  juice  of  A.  tuberoaa  (Pleurisy-root, 
Butterfly- weed)  is  not  milky.  la  all,  it  is  bitter  and  acrid,  and 
contains  eaoutehoue. 


S55,  Ord.  JanninaCBK  [the  Jegtamine  Familif)  consists  of  a  few 

FIO.  tee.  PhoaMwIcifibBCamiiBBHIlkwMiKAKlapluCkinniU).  SGS.  EipuoMkHnr; 
tha  ttlyi  ud  mtdUi  relead ;  ihowlnf  Ibe  lUinliual  cinwn.  9(7.  Odd  of  ttu  boodeil  *|i|iio- 
difn  of  Uu  luiar  niDoiad  ud  Ben  tldaiilaii,  wllh  lu  lueludid  prceiHt  or  bcini.  Bsa.  A  nnl- 
ol  aKUon  of  ■  flomr  (Ibi  boodad  uppendigH  nmovad)  Ihmufh  tha  tubs  ofHuiMiu,  tlw  lUck 
■Ufiu,  onitd,  Ik.  W».  Flamr  wllh  Iha  aljx,  ind  Itw  fenillud  uluilag  otuIh,  cromwd 
wllh  Iha  lufo  lUinH  cammaa  u>  Um  iwd,  &em  tb*  inilH  ot  tbt  paluU  Hunnh  of  whleli  Iha 
piLn  of  poUdiimuna,  deuchad  rnna  thi  ulber  cdla,  bug  bj  Iheir  ndka  or  uudlcla  rnm  ■ 
glu^  [8h  paf«  315 ;  Pig.  190.  An  inlbar,  fnm  wbllh  tba  boodad  appeodMa  >•  cnl  >mr, 
4SI.  OHnunmiwilBad:  ilatwo  poUea-muMi  atill  In  lbs  span  calla,  tiui  alUcbed  bjlbair 
■ulla  tub  i«  one  of  tbg  gliodi,  la  wblcb  i  pollaa-nu  or  u  idjiual  lUmaii  on  aaeh  aide  k 
■Intd;  ilmtlul;  Uluhed.    t21.  One  of  Ibaaa  pain  ol  pollan-muaea  aepanla.    433.  PiiUa- 


ttuatiinia.  434,  eacllon  CbnMgb  Ika  algmi  ud  inio  one  of  iba  itrleB,  iboiriiiitbacounaar 
tba  pallen-ubH.)  960  FnIL  <rollk:la)  of  the  CaniDaa  Mtlkmad.  BSl.  CciH-iacilon  of  tba 
lut,  In  in  (■rireuia.  BSL  Dauchid  placasU  In  ftiilI,coTared  wHb  aeadi.  963.  Read  (cut 
Kina),  with  III  cama.    Se4.  Bectionof  the  laed,  u  II  Ilea  In  M3,  puallal  *r1lb  Iha  aMjladna, 
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chiefljr  Asiatic  Bhrub>,  with  compound  leaves  and  fragrant  flowere ; 
diflering  from  Qleacee  by  the  imbricated  or  twisted  testivation  of 
the  bypocrateriform  corolla,  erect  seeds,  &,c. — Ex.  Jasminura, 
the  Jessamine.  Cultivated  for  omamsol,  and  for  their  very  fla- 
grant blossoms. 

656.  Snbord.  BaliTirleS  consists  of  a  few  American  (three  or  four 
of  them  Texan)  plants,  and  one  from  the  Cape  of  Good  Hope,  aome* 
times  with  simple  leaves,  and  scarcely  difiering  from  the  true 
Jasminacece  ;  though  most  of  them  have  four  ovules  in  each  cell. 

657.  Ord.  OltietS  (the  Olive  Family].  Trees  or  shrubs,  with 
opposite  leaves,  either  simple  or  pinnate.     Calyx  persistent     Co- 

'  rolla  four-clen,  or  of  four  separate  petals,  vatvate  in  teatiTBtion, 
sometimes  none.  Stamens  mostly  two,  adnale  to  the  base  of  the 
corolla.  Ovary  free,  two>celIed,  with  two  pendulous  ovules  in 
each  cell.  Fruit  by  suppression  usually  one-celled  and  one-  or 
two-seeded.  Seed  albuminous.  Embryo  straight.  —  Ex.  Olea 
(the  Olive),  and  Chiotunthus  (Fringe-tree),  where  the  fruit  is  a 
drupe.  Syringa,  the  Lilac,  which  has  a  capsular  fruit.  Fraxinus, 
the  Ash ;  where  the  fruit  is  a  samara,  the  flowers  are  polygamous, 
and  oAen  destitute  of  petals.  Olive  oU  is  expressed  from  the  es* 
culent  drupes  of  Olea  Europraa.  The  bark,  like  that  of  the  Ash, 
ia  bitter,  astringent,  and  febrifugal.  Manna  exudes  from  the 
trunk  of  Fraxinus  Omus  of  Southern  Europe,  &c.  —  Forestiera, 
of  doubtful  affinity,  is  perhaps  to  follow  this  order,  although  en- 
tirely apetalouB. 


Division  III.  —  ApETALons  Exoobkous  Plants.* 

Corolla  none  ;  the  floral  envelopes  consisting  of  a  single  series 
(calyx),  or  sometimes  entirely  wanting. 

CoNSPBCTOS   OP  THE  ObDEIS. 

Group  t.  Fknrers  perfect,  with  a  conspicnoni  or  colored  moitlj  sdnsM  nljx. 
Orsry  lei-ersl-celled  and  many.ovDled.  Capanle  or  berrj  manj -seeded. — 
Herb*  or  climbing  ihrntw.  ABiaToiocHiinRX,  p.  467. 

*  Nnmeroni  plants  of  the  Poljpetaloiu  orders  are  apetaloiu,  bucK  a«  Clem- 
«ti>.  Anemone,  and  other  RannncnlaccK,  aome  BhamnaccK,  Caryoph}illace«, 
OnagnMa,  PortoUcacea,  Craitalacea,  Rowreaa,  Aceraee«,  Ac  Also  iodia 
Ol^ctte  and  Primnlaceee  of  tbe  Graaopetalooi  aariei  are  spetalou. 
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Amp  9.    FlowBia  pvrftct,  or  nrelj  pglTgwaoos,  niA  •  ngviw  ud  dTmi 
p«uldd  ealjx.    Oviry  tlte.    OtdIbi  lotitaiy  in  each  oTuy  ot  c«U.    En- 
brjo  corred  or  coiled  around  mealf  albmneii,  rarelj  in  the  axii  oi  eul- 
bnmiDoaa.  —  Chiefl;  herb*. 
0tu7  MTtnl-celled,  coiuwting  of  »  whori  of  MTwal  one-oniled  cirpdi. 

Fhtioliccacia,  p.  t6t. 
Otirj  one-celled,  with  ■  ringle  omle. 
6tipDle»  none.    OtdIs  campf loMoponi  or  unpUtropaM. 
Ciljx  herbacMU.  Cbmopodiacbs,  p.  4M, 

Caljz  and  bracu  >carioa(.  Akikaittaci^  p.  470. 

Cal/x  coroltine,  the  perujtent  baae  indurated.       NTCTAaimcKB,  p.  170. 
Bdpnlei  (heaibing  (ochreR).    Calyx  coralUne.    Omit  orthotraponi. 

POLIOOMICI^  p.  170; 

GT«ap  8.    Tloweri  perfect,  poljgamoni  or  di<ecioni,  not  dispoced  in  amum, 

with  a  regnlar,  and  often  pelaloid  caljz.    Orarj  on«-ceUed,  or  nrelj 

two-«elted,  vilh  one  or  few  onilei  in  each  cell:  bnt  the  frnit oaa-cdlcd 

,        and  one-Kcded.    EmhiyO  not  culed  aroand  albnmen.'— Treti  or  ahniU. 

•  S^le  or  itigma  one. 
Ciljx  free  from  the  ovary,  and  not  eoTeloping  the  Irnit 
Fiowen  polygamo^icecioni.    Anth.  opening  bj  TalTci.  Ladkiceje,  p.  til. 
Flower*  perfect.    Anihen  opening  longiindinallj'.       Thixslaci^  p.  47t 
OiItx  free,  bnt  baccate  in  fruit  and  inclotlng  the  Mbeninm. 

El-KAOHACKX,  f.  «T1 

Caljz  adnata  to  the  onrj. 

Onilei  leierd,  pendnloni  from  a  nipe'llke  placenta.    Samtilackx,p.iI9, 

Ornk  laUiarj,  tat^ded. 

Faruitic  ihrabs.    Ornle  irilhoat  iniegnuenu.       LonAiiTHici:E,  p-  4?<. 

Trees.    Fmitadrnpe.  Ntbhacb2,P4'I. 

•  •  Btjlt*  or  itigmai  two,  dirergent  Ulmaouc,  p  *'*. 

6rotg>i.    Fiowen  perfect,  entirely  deMitnte  of  caljx  at  wcUMConiUi.   Bn- 

brjit  minnie,  incloaed  in  (he  peraiatent  embrjo-iao  at  the  apex  of  the  lUt- 

men.  —  Herbs  or  anffrntetcent  plant*.  Sacboucli.  P'  *n- 

Onmp  y    Flower*  perfect  or  didinoni,  freqnently  deititnte  of  both  cilji  w^ 

corolla.  —  Snbmened  or  floating  aquatic  hertw. 
Flower*  monacioni.    Fruit  one-wlUd  and  one-ieeded. 

Ceutopbti.liccj^  p.  4H. 
Fbwen  moitly  peifeet    Vnlt  fbnr-eclled  and  fonr-ieeded. 

Callithichacbx,  p-  i^t- 
Fiowen  moitljr  perfect    Capanle  levenJ-celled,  eeTeral -seeded. 

Poi>OaTBlLACE.e,  p-  *'?■ 

Oreup  e.    Fiowen  montscioui  or  dicedooa,  not  amentaceou.    Fruit  ttf^ 

or  dnipaceonii,  with  two  or  more  cells,  and  one  (or  rately  two)  wedi  it 

each.  —  Herbs,  shmbs,  or  trees. 

Fmit  mostly  dry.    Joice  miiky.    PoUen  simple.  EnraoBBiicM,  P- *"' 

E^oit  drnpaceon*.    Polka-graini  qnalemary.  EMmucaXjp.*'^ 
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Gnup  7.  Flowsn  monceaoni  or  dkadoiu ;  the  iterila,  md  ft«qiUDilf  Aa 
ftrtile  also,  in  Binenu,  or  in  headi  or  ipikei.  Ovarj  odea  two-  to  MTaral- 
celled,  bat  the  rniit  tlwaji  one-called. —  Tre««,  dmibi,  or  {0DI7  Ea  Urti- 
eace«)  herba. 

•  Frnit  dnipaceooi.    Calfx  adherent.  JcoLA](DACKa,p.  i79. 

•  •  Frnil  a  niit,  iarolncrate.    Caljx  adhennL  Cdfulifssx,  p.  479. 

•  •  •  Fruit   one-«eeded,   indsiuscent.     Fertile  and  iterile  flowtii    both  in 

amenta,  and  entiralj  deatitate  of  caljx. 
Onrj  one-celled;  ornle  tolilw?,  erect  UysicACKA,  p.480. 

Onrj  two-celled,  two-ornled :  orals  pendnlaiu.  Bitulaces,  p.  480. 

•  >  '  ■  Fniit  deliiMwnt,  many-eeeded.    Seedi  with  •  coma.    Fertile  and 

sterile  flowere  botb  in  amenta,  and  dealitnteof  caljx.    SiLiCAC&B,p.48!. 

•  •  *  •  •  Fruit  a  nut  or  a  two-celled  and  bw-aeeded  capiole.    Fertile  and 

iterile  floweri  both  in  amenta  or  headi,  and  deslitate  of  caljx. 
Capanle  two-beaked,  many-seeded.  BiLBiMirLDX,  p.  4S9. 

Nat  elnb-ebaped,  one-eeeded,  brially-dowoy.  Pi.ATAHACnf ,  p.  489- 

•  •••*•  Fmit  an  acheniain,  often  indoeed  in  a  baccate  calyx.    Fbwen 

varioiuly  diapoaed,  aometioiei  collected  in  fleiby  beada. — Jniee  milkj, 
when  Veea  or  ahrabi.  Ubtioackjs,  p.  488. 

658.  Old.  AilttotDtUMeS  {the  Birtkaort  Family).    Herbacwua 


n  CundoiH.  ter.  Calfi  dinpliTiil,  and  ■  nrUol  wacxVxi  throug 
36a.  Un»««tan  of  ibe  ontj ;  lbs  upper  ponhm  (from  "hieh  lim  II 
iy)ilia*ln(  il»ium«H,ib*DiilUd«Tls,<t«'    M>.AN;uU*iti 
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or  climbing  shrubby  plaats,  with  Bttenate  leaTes.  Flowers  brown 
or  greenish,  usually  solitary.  Calyx-tube  more  or  less  united  with 
the  ovary ;  the  limb  valvate.  Stameoa  ais  to  twelve,  epigynoui, 
or  adherent  to  the  base  of  the  short  and  thick  style  :  anthers  ad- 
nate,  extrorss.  Stigmas  radiate.  Ovary  3-6-ceUed.  Capsule  or 
berry  three-  to  six-celled,  many-seeded.  Embryo  minute,  in 
fleshy  albumen. — Ex.  Asarum  (Wild  Ginger,  Canada  Snake- 
root),  Arialolochia  (Virginia  Snake-root).  Pungent,  aromatic,  or 
stimulant  tonics ;  generally  termed  Snake-roots,  being  reputed  an- 
tidotes for  the  bites  of  venomous  snakes.* 
859.  Ord.  PhftolateaUB  {the  Poke-weed  Familf).    Chiefly  repre- 


sented by  the  common  Poke  (Phytolacca  decandra),  which  has  a 

■  The  Obd.  RAFFLESIACE^  uid  perhapt  other  RHIZANTBKS, 
con^Ung  or  moil  remarksbte  fangos-like  paiaaiifa  (136,  and  FSg.  ISS)  an  10 
b«  placed  MDiewhere  in  thii  Ticinitj. 

FIQ.  ses,  «e.  Fhjioluu  dKudn  [Poke).  SSD.  A  Boww.  Ml.  UnriiB  Ihiil.  SU 
CroHcllon  of  the  Hing,  ■  Iklle  enkigid.  Ma  HagnHhd  as^  SM.  Saclkn  of  Iba  luia 
■cnMihaimbtro.  S9S,  Veniula«itiHi,ibiiiTli4UBuiil>7<ica41silu(wwl  Um  alliQaB  iDU 
■  riof.    tee.  Macnlftod  duicbad  (oilirTa. 
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compooad  ovary  of  ten  coofluent  (one-seeded)  carpela,  the  Bhort 
styles  or  stigrmas  distinct ;  the  fruit  a  flattened  berry.  The  root  is 
acrid  and  emetic :  yet  tho  young  shoots  in  the  spring  are  used  as 
a  substitute  for  Asparagus.  The  berries  yield  a  copious  deep- 
crimson  juice.  Other  genera  connect  the  order  with  the  next ;  but 
are  distinguished,  when  the  stamens  are  of  the  same  numlwr  as  the 
sepals,  by  their  position  slteroste  with  them,  as  in  Portulacacese. 

860.  Drd.  Cbenopodlana  {the  Gootefool  Famils).  Chiefly  weedy 
berbe,  with  alternate  and  more  or  less  succulent  leaves,  and  small 
herbaceous  flowers.  Calyx  sometimes  tubular  at  the  base,  persist- 
ent ;  the  stamens  as  many  as  its  lobes,  or  fewer,  and  inserted  at 
their  base.  Ovary  free,  ooe-celled,  with  a  single  ovule  arising 
from  its  base.  Fruit  a  utricle  or  achenium.  Embryo  curved  or 
coiled  around  the  outside  of  mealy  albumen,  or  spiral,  without  any 
albumen  (in  Salsola,  &c.).  —  Ex.  Chenopodium,  Atriplex,  Beta 
(the  Beet),&.c.  Sea-side  plants,  or  common  weeds;  some  are 
pot>herbs,  such  as  Spinach  :  a  few  are  cultivated  for  their  esculent 
roots ;  as  the  Beet,  which  contains  sugar.  Soda  is  lately  extract- 
ed from  the  maritime  species,  especially  from  those  of  Salsola  and 
Salicomia  (Samphire,  Glass>wort).  Chenopodium  anthelminticum 
yields  the  Worm-teed  oil. 


PIG.  ATI.  Pun  of  ibe  iplka  oT  Stllcoi 
OTUlDM  or  Ibc  lUm,  prnuclal  bjr  i  a 
BUtum,  Htlh  lu  deahr  alji  and  glnjla  Huiun.  tH.  Sun,  nun  enlirfad,  with  Iba  thick, 
vail  joicr  ci1;i  (II7S)  nnwred.  97S.  Tha  ripi  ffull.  077.  Suna,  dliided  Tgnlcallr,  aluwlof 
th*  «nibi7o  cotlnl  xnunl  tha  uotnliUniwii.  078.  FlanrofChanopDillimialbum  (cammoa 
Ouaafoot).  STB.  SttUoa  of  tha  aama,  man  «larfad.  tMO.  Sactton  of  tba  utrlcla  and  aaad, 
■boBliifthaamtno.  961.  CUn  of  iMaula  kail  (SaliwoR),  In  fruit,  with  <u  •rlnrllkBlnnlar. 
tm.  Secilm  of  Iba  mim,  Mofliii  iha  oruj  i>Uo  ''■'■    *^  ^^  aptnllf  cuHsd  aiitarD  of 
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861.  0rd.  inunntacen  (the  Amaranth  Familn).  Herbs,  with 
opposite  or  alternate  leave*;  the  flowera  in  heada, spikes, or  deaae 
clustera,  imbricated  with  dry  and  scarious  bracts  which  are  usually 
colored.  Calyx  of  three  to  five  sepals,  which  are  dry  and  scari- 
ous, like  the  bracts.  Stamens  five  or  more,  hypogynoua,  distinct 
or  tnonadelphous :  anthers  frequeDlly  one-celled.  Embryo  annu- 
lar, always  vertical.  Otherwise  nearly  as  in  Chenopodiaces. — 
Ex.  Amarantus,  Gomphrena,  Ate.  Weeds.  A  few  Amanmths 
are  cultivated  for  their  dry  and  enduring  richly-colored  flowers. 

862.  Ord.  NfCtaglDBCM.  Herbs  or  shrubs,  with  opposite  leaves ; 
distinguished  by  their  tubular  snd  infundibuUform  calyx,  the  upper 
part  of  which  resembles  a  corolla,  and  at  length  separates  from 
tbe  base,  which  hardens  and  iucloses  the  one-celled  acbeniuot-Iike 
fruit,  appearing  like  a  part  of  it.  Stamens  hypogynoua,  1-20. 
Embryo  coiled  around  the  outside  of  mealy  albumen.  Flowers 
involucrate,  often  showy.  Mirabilis  (Four-o'clock)  has  a  one* 
flowered  involucre  exactly  like  a  calyx,  while  the  latter  resembles 
the  corolla  of  a  Morning-GIory.  Plants  of  warm  latitudes ;  many 
on  our  Southwestern  frontiers. 

S6S.  Ord.  PoIysOBBHB  ('A«  Buckwheat  Famils).    Herbs  with  al- 
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ternate  leaves ;  remaritable  for  (heir  stipules  (ochren,  804),  which 
usually  form  sheaths  around  the  stems  above  the  leaves.  Bod  for 
tbeir  orthotropous  ovules.  Stamens  defiaile,  inserted  on  the  pela- 
loid  caljrx.  Fruit  ache nium -like,  cornpresaed  or  triangular.  Em- 
bryo curyed,  or  neariy  straight,  applied  to  the  outside  (rarely  in 
the  centre)  of  starchy  albumen.  —  Ex.  Polygonum,  Rumex  (Dock, 
Sorrel),  Bheum  (Rhubarb).  The  stems  and  leaves  of  Rhubarb 
and  Sorrel  are  pleasantly  acid:  while  several  Polygonums  (Knot* 
weed.  Smart-weed,  Water  Pepper,  &c.)  are  acrid  or  rubefacienL 
The  farinaceous  seeds  of  P.  Fagopyrum  (the  Buckwheat)  are  used 
for  food.  The  roots  of  most  species  of  Rkubarh  are  purgative : 
but  it  is  not  yet  known  what  particular  species  of  Tartary  yields 
the  genuine  officinal  article.  The  Eriooonex  (of  southern  and 
western  North  America)  form  a  tribe  remarkable  for  their  exstipu- 
late  leaves  and  involucrate  flowers. 

864.  Old.  lauaetc  (the  Laurel  Familt/).  Trees  or  shrubs,  with 
pellucid-punctate  alternate  leaves,  their  margins  entire.  Flowers 
sometimes  polygamo-dicecious.  Calyx  of  four  to  six  somewhat 
united  petaloid  sepals,  which  are  imbricated  in  two  series,  free 
from  the  ovary.  Stamens  definite,  but  usually  more  numerous 
than  the  sepals,  inserted  on  the  base  of  the  calyx  ;  anthers  two-  to 
four-celled,  opening  by  recurved  valves  I  Fruit  a  berry  or  drupe, 
the  pedicel  often  thickened.     Seed  with  a  large  almond-like  em- 


bryo, destitute  of  albumen.  —  Ex.   Launis,   Sassafras,  Benzoin. 
All  aromatic  plants,  almost  every  part  abounding  in  warm  and 
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stimolant  volatile  oil,  to  which  their  qunUties  aro  due.  Cam^ior 
is  obtained  from  Camphvn  officinarum  of  Japan,  China,  Slc. 
Cinnamon  is  the  bark  of  Cinnamomum  Zeylanicum ;  Castia  bari, 
of  Cinnamomuni  aromaticum  of  China.  The  aromatic  bark  and 
wood  and  the  veiy  mucilaginous  leaves  of  our  own  Sassafras  are 
well  known.  Our  Benzoin  odoriferum  is  the  Spice-wood,  or  Fever- 
bush.  Laurua  nobilis  is  the  true  Laurel,  or  Sweet  Bay.  Persea 
gratissima,  of  the  West  Indies,  bears  the  edible  Avocado  pear. 

865.  Olil.  ThjIMhtta  {the  Metereun  Faiitily).  Shrubby  piantB, 
with  perfect  flowers,  and  a  very  tough  bark ;  the  tube  of  the  peta- 
loid  calyx  being  free  from  the  (one-ovuled)  ovary ;  its  lobes  im- 
bricated in  esstivatioD ;  the  pendulous  seed  destitute  of  albumen. 
Stamens  often  twice  as  many  as  the  lobes  of  the  calyx,  inserted 
upon  its  tube  or  throat  — £x.  Daphne,  &«.,  of  Europe  and  Mid- 
dle Asia;  and  Dirca  (Leather- wood,  Moose-wood,  Wickopy), 
which  is  the  only  North  American  genus.  The  tough  bark  i* 
acrid,  or  even  blistering,Sand  is  also  usefuPfor  cordage.  The 
reticulated  fibres  may  be  separated  into  a  kind  of  lace  in  the  La- 
getta  or  Lace-bark  of  Jamaica.  The  fruit  of  all  the  apedes  ii 
deleterious. 


866.  Ord.  EIcipteetB  (the  Oleaster  Ftmily).  Shrubs  or  small 
trees,  witli  the  flowers  more  commonly  ditBcioua,  the  leaves  either 
opposite  or  alternate ;  readily  distinguished  from  the  preceding  by 

no.  una    nntMlnf  bnoch  of  Dliu  pdHUii.    IOCS;  A  Omnr.    1010.  Tbt  turn.  Mi 
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baTing  the  foliage  and  shoots  covered  with  scurf,  by  dw  ascending 
albainiDOUs  seed,  and  the  peraistent  tube  of  the  calyx,  which,  al- 
though free  from  the  ovary,  becomes  succulent,  like  a  beriy  in 
fruit,  and  constricted  at  the  throat,  inclosing  the  crustaceous  ache- 
nium  I  —  Ex.  Eleagnua,  Shepherdia ;  cultivated  for  their  silvery 
foliage.     The  fruit  is  sometimes  eaten. 

867.  Ord.  SutelutC  {the  Sandal-wood  Family).  Trees,  shrubs, 
or  sometimes  herhs ;  with  alternate  entire  leaves,  and  small  (very 
rarely  dicecious)  flowers.  Calyx>tube  adherent  to  the  ovary ;  the 
limb  four-  or  five-clefl,  valvate  in  testivatioo  ;  its  base  lined  with  a 
fleshy  disc,  the  edge  of  which  is  often  lobed.  Stamens  as  many 
OS  the  lobes  of  the  calyx,  and  opposite  them,  inserted  on  the  edge 
of  the  disc.  Ovules  several,  destitute  of  proper  integuments,  pen- 
dulous from  the  apex  of  a  atipe-like  basilar  placenta.  Style  one. 
Fruit  indehiscent,  crowned  with  the  limb  of  the  calyx.  Seed  albu- 
minous. Embryo  small.  —  Ex.  Comandra,  Pyrularia,  &c.  The 
fragrant  Sandal-wood  is  obtained  from  several  Indian  and  Polyne- 
sian species  of  Santalum.  The  large  seeds  of  Pyrularia  oleifeia 
(Bufialo-tree,  Oil-nut)  would  yield  a  copious  fixed  oil. 


868.  Ord.  Nyuatete  (the  Tupelo  Familt/).  Trees,  with  dioecio- 
polygamous  flowers,  difTering  from  the  last  in  the  solitary  ovule 
suspended  from  the  summit  of  the  cell,  and  furnished  with  integu- 
ments in  the  ordinary  manner.     Style  one,  stigmatose  down  one 

Fia.  1003.  BmnchorCaHunclnuDitiaUUa.  inM.  EnUrgnd  flowM',  liUd  ap«i.  lOOfiL  V«U' 
ul  ■ctkHi  of  •  Bonr.  1006.  Oiw  of  tht  •Ffinnu  of  ihg  alyt,  iDlargsd,  (lioirlng  the  idA  of 
btia  *Uch  UDoecU  tu  ur&u  wlUi  Ihg  ulbu '.    VXB.  TlM  bail,  nduud  io  du. 
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aide.  Drupe  baccate.  Embryo  large,  ia  spariag  albumen,  —  Coa- 
eUta  only  of  the  geaus  Nyasa.  The  Black  Gum-tree,  iic.  is  t^ 
markable  for  the  loughneBS  of  the  interlaced  fibres,  bo  that  it  vt 
very  difficult  to  split  the  timber.  The  acid  berries  give  the  Daaw 
of  Sour  Gum  to  Nyasa  capitata. 

869.  Ord.  LoruUiateB  {tke  MitlUloe  Familj/)  consists  of  shrubt^ 
plants,  with  articulated  branches,  and  opposite  coriaceous  and  dull 
greenish  entire  leaves,  parasitic  on  trees.  The  floral  envelopes 
are  various.  In  Mistletoe  (which  is  dicBcious)  the  anthers  are  ses- 
sile and  adnata  to  the  face  of  the  sepals,  one  to  eqch.  The  ovary 
is  one-celled,  with  a  single  suspended  ovulDiConBistingof  a  nucleus 
without  integuments.  Fruit  a  one-seeded  berry.  Embryo  small, 
in  fleshy  albuooen.  —  Ex.  Loranthus  ;  Viscum,  the  Mistletoe,  from 
the  glutinous  berries  of  which  btTdlime  ia  made.  The  bark  ia  as- 
triogent. 

870.  Ord.  nmann  {the  Elm  Family).  Treea  or  shnibs,  with  a 
watery  juice,  and  attemate  rough  leaves,  furnished  with  deciduous 


Flowers  in  axillary  clusteis  qr  fascicles,  rarely  solitary. 


FIG,  101  a  FknriraflheSllpperTElm.  1013.  CU71  laid opsnindthamvjdltldidnnt 
ullr-  lOM.  Fruit, iba  ceU  kid  opu  u  ■bairlha  ilngla  Mad.  lOlE.  Ttaa  lUlw  nufBlflid. 
1016.  lu  amUro. 

FIO.  1017.  Bniicti<ifC*libAiiwr)i»iw,lnfla**r.  lOlS.  Enimtg^  Ham,  iirHii  rtaiai- 
Ij.    lOia.  Dnipg,Uiaa«bdlililHiui(lKiwUi>(l«iM.    lOlQ.  IlMCalMHBbiTO. 
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perfect  or  polygamous.  Catyi  CBmpanulate,  four-  or  live<cleft, 
free  from  the  ovary  ;  the  lobes  imbricated  in  lestivatioD.  Stamens 
inserted  on  the  base  of  the  calyx,  as  many  as  its  lobes  and  oppo- 
site them,  or  more  numerous.  Ovary  one-  or  two-celled,  with  a 
■ingle  suspended  ovule  in  each :  styles  or  stigmas  two.  Fruit  one- 
celled  and  one-seeded,  either  a  samara  with  a  straight  embryo  and 
BO  albumen,  as  in  the  Elm  (Ulmus)  -,  or  a  drupe  with  a  curved  em- 
bryo and  scanty  albumen,  as  in  Celtis  (Hackberry),  the  type  of  the 
suborder  or  tribe  CELTinsf.  Timber-trees.  The  inner  bark  of  the 
Slippery  Elm  is  charged  with  mucilage.    Hackberries  are  edible. 


871.  Ori.  SaDnmeeiE  {the  Litard't-lail  Family).  Herbs  (grow- 
ing in  swampy  places],  with  the  stems  jointed  at  the  nodes;  the 

Flo.  lOSO.  Slunirui  umuui.  lOSl.  A  Hpuua  flown,  >llh  Lu  brul  uid  i  put  of  the 
till  magnlHiid.  lOSa.  A  mora  i»r>t<l«l  ■nllier,  diKharglnf  lu  pallan  fnin  ona  uU.  1(123. 
UnH*«KLIonofLh*oniT.  1024.  Vgcilul  leclionof  anooribaevpililn  fruit,  isdor  tba  »o- 
Ulnad  Hd,  wtlh  the  uc  *t  Ibe  ailnmltj  or  tha  ilbuman,  conlalnln|  Ihe  nilnul«  eiDbrTD.  - 
IQU.  A  asgd.  KS^.  3u»,  vllh  the  oolv  Intafunwil  (lecu)  nnxiTed.  •bulling  ibg  ik  oT  Iho 
uuina.  iOCr.  Tha  LUIoI,  hliU;  macolfled.  KBS.  SKlloo  of  Iha  tvai,  ahowlnf  Iba  ludOMd 
havMhiiBd  unbrja. 
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leaves  sllenmle,  entire,  with  somewhat  Bbeathing  petioles ;  the 
flowers  perfect,  in  racemes  or  spikes,  destitute  of  all  floral  envel- 
opes. Stamens  definite.  Ovary  composed  of  three  to  five,  more 
or  less  united,  few-ovuled  carpels,  with  distinct  styles  or  stigma*. 
Capsule  or  berry  with  usually  a  single  seed  in  each  cell.  Embryo 
faeart-shaped,  minute,  inclosed  in  the  persistent  embryo-sac,  at  the 
apex  of  the  albumen  1  —  Ex.  Saururus  (Lizard's- tail).  Sligfafly 
pungent  plants.  They  are  scarcely  distinct  from  the  Pepper 
Family.' 

872.  Ord.  CcitlOphTllftKB  ('^  Homuiort  Familf)  consists  of  the 
single  genus  Cera tophy Hum  (growing  in  ponds  and  streams  in 
many  parts  of  the  world) ;  distinguished  by  the  whorled  and  dis- 
sected leaves  with  filiform  segments;  the  flowers  moncecious,  and 
sessile  io  the  axil  of  the  leaves ;  the  stamens  indefinite,  with  sessile 
anthers;  and  the  simple  one-celled  ovary,  which  forms  a  beaked 
achenium  in  fruit,  containing  an  orthotropous  suspended  seed,  with 
four  cotyledons  I  and  a  manifest  plumule. 

673.  Ord.  CBllitriellBee&  {ike  Water- Staraort  Family),  formed  of 


■  Obd.  PIPERACEJE  (tht  Prpprr  Familg),  s  chieflj  tropical  order  with 
thft  embTyo  inclosed  in  the  peraUtcnt  tmbrro-isc,  differing  rrom  SsaniTSreN 
principally  in  the  one'relled  simple  ovarj,  with  a  solttarr  ovule  {fruit  a  benr), 
and  the  «xtror»e  «Qlben ;   the  leaTci  often  oppotit«  or  whoried ;  the  jointed 

PIQ.  lOK.    Cilllulchg  Term,  mbmii  ihe  nalunl  *<».     ID30.  F*rAci  flowsn,  mrniStiL 
lOSI.  AMmlmis  ind  piMlltiu  fldinr,  nupilBed.    ICM.  Tlw  (hill.    1033,  C 
Uh  fnilL    1031.  7iRlca]  ■kiIod  thrau(b  tlia  paileup,  ttim,  isd  n^o. 
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the  genuB  Callitriche  -,  aquatic  annuals,  with  opposite  entire  leaTci ; 
the  aiillary  flowers  (either  perfect  or  moncecious)  with  a  two- 
leaved  involucre,  but  entirely  destitute  of  calyx  and  corolla ;  sla- 
.  men  one  (or  rarely  two),  hypogynous,  with  a  slender  filaraent,  and 
a  reniform  one-celled  anther;  the  ovary  four-lobed,  four>celled, 
indehiscent  in  fruit ;  the  seeds  albuminous. 

fi74.  Ord.  FodoilemBttn  (the  River-weed  Family)  comprises  a 
few  (American  end  Asiatic)  aquatics,  with  the  aspect  of  Mosses  or 
Hepalicte  ;  their  smalt  flowers  arising  from  a  kind  of  spathe ;  the 
calyx  often  entirely  wanting;  the  stamens  frequently  reduced  to 
one,  or  two  and  monadelphous ;  the  ovary  two-  or  three-celled, 
with  distinct  styles;  in  fruit  forming  a  ribbed  capsule,  containing 
numerous  exalbuminous  seeds  attached  to  a  central  column.  —  £x. 
Podoetemura. 

675.  Ord.  EnphorblBUB  {the  Sparge  Family).  Herbs,  shrubs,  or 
evon  trees,  often  with  a  milky  juice  :  in  northern  temperate  climes 
chiefly  represented  by  the  genus  Euphorbia  (Pig.  344-349); 
which  is  remarkable  for  having  numerous  slamtnate  flowers,  re< 
duced  to  a  single  stamen  (4B4),  inclosed  in  an  involucre  along 
with  one  pistillate  flower,  reduced  to  a  compound  pistil,  and  also 
achlamydeous,  or  wilb  an  obsolete  calyx.  But  other  genera  have 
a  regular  calyx  both  to  the  siaminate  and  pistillate  flowers ;  and  a 
few  are  likewise  provided  with  petals.  Ovary  of  two  to  nine  more 
or  less  united  carpels,  coherent  to  a  central  prolongation  of  the 
axis :  styles  distinct,  often  two-cleft.  Fruit  mostly  capsular,  sep- 
arating into  its  elementary  carpels,  or  cocci  (usually  leaving  a  per- 
aislent  axis),  which  commonly  open  elaslically  by  one  or  both 
sutures.  Seed  with  a  large  embryo  in  fleshy  albumen,  suspended. 
—  Ex,  Euphorbia  (Spurge),  Croton,  Buxus  (the  Box).  Acrid 
and  deleterious  qualities  pervade  this  large  order,  chiefly  resident 
in  the  (usually)  milky  juice.  But  the  starchy  accumulations  in 
the  rhtzoma,  or  underground  portion  of  the  stem,  as  in  the  Man- 
dioc  or  Cassava  (Janipha  Manihot)  of  tropical  America,  are  per- 
fectly mnocuous,  when  freed  from  the  poisonous  juice  by  washing 

llemi  iomeliDies  woody,  bat  tcutelr  exhibiting  annDol  1«f  en.  Thev  all  poi- 
MM  ilimalant,  Bromatic,  and  pangenl  qaalities,  the  common  Pepper  (tbe  dried 
berries  of  the  Indian  Piper  niprnm)  representing  Ibe  ordinary  properties  of  die 
order.  The  intoxicaiiag  Betrl  of  the  Malays  conj'iate  of  llie  leaves  of  I^per 
B«ile.  The  Ajia  of  Ibe  Society  and  Sandwich  Xalanda,  from  which  an  inebri- 
Bting  drink  it  made,  u  f  iper  nieth;»Ui:iuu. 
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ftnd  exposure  to  beat.  The  starch  thus  obtained  is  the  Caatma, 
which,  when  granulated,  forms  the  Tapioca  of  commerce.  The 
farinaceous  albumen  of  the  seed  is  also  innocent,  and  the  fixed 
oil  which  it  frequently  contains  is  perfectly  bland.  But  the  ml 
procured  by  expreswon  abounds  in  the  juices  of  the  embryo  and 
integuments  of  the  seed,  and  possesses  more  or  less  active  proper- 
ties. The  seeds  of  Ricinus  communis  yield  the  Castor  oil :  and 
those  of  Croton  Tiglium,  and  some  other  Indian  species,  yield  tbe 
violently  drastic  Croton  oil  or  Oil  of  Tiglium.  Some  plants  of 
the  family  are  most  virulent  poisons ;  as,  for  example,  the  Maiichi> 
neal-tree  of  the  West  Indies  (Hippomane  Manicella),  which  la  said 
even  to  destroy  persons  who  sleep  under  lis  shade  ;  and  a  drop  of 
the  Juice  falling  upon  the  hand  produces  aa  inslantaneous  blister. 
The  hairs  of  some  species  (such  as  Jatropha  elimulosa)  sting  like 
Nettles.  The  hard  and  close-grained  wood  of  tbe  box  is  inval- 
uable to  the  wood-engraver.  The  purple  dye  called  Turnsole 
is  derived  from  Crozophora  tinctoria.  Another  most  important 
product  of  this  order  is  caatttehoue,  which  is  yielded  by  various 
plants  of  different  families  ;  but  the  principal  supply  of  the  article 
(that  of  Para,  Uemarara,  and  Surinam)  is  furnished  by  the  tree 
named  Hevea  Guianensis  by  Aublel,  the  Siphonia  elastica  of  Per- 
■oon. 


876.  Ord.  EmpttratCB  {the  Crouiberry  Family).     Low,  shrubby 

PtO.  lose.  Branch  of  Cuulola  irlcoLdH  Id  Ihilt.  1CI».  Wfcitti  lUinlnM  Somr,  otak 
tUbneu.  lOSr.  Tba  Mm  lUniKU,  vllh  in  Inoir  tncl  rir  iip^  ica§,  Hii^JA^  piHtDut 
flamt,  irlth  lu  imbrlcaud  bruis.    I03S,  Tia  plnil  tyiuti  odi  ofiba  cslli  Isldopm  bji 

IWl.  VankalMtHHtsfDHHWl. 
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prergreeiiB,  with  the  aspect  of  Heaths ;  the  leaves  crowded  and 
aceroae,  with  small  (diieciouB  or  polygamom)  flowere  produced  id 
the  axila  of  the  uppermost.  Caljrx  consisting  of  regular  imbricated 
•epals,  or  represented  by  imbricated  bracts.  Stamens  few :  pollen 
of  four  grains  coherent  in  one,  as  in  Heaths.  Orary  three-  to 
nine-celled,  with  a  single  erect  orule  in  each  cell :  s^le  short  or 
none:  stigmas  lobed  and  onen  laciniated.  Fruit  a  drupe,  with 
from  three  to  nine  bony  nucules.  Seeds  albuminous ;  the  radi- 
cle inferior.  —  Ex.  Empetrum,  Cerafiola,  Corema  ;  unimportant 

877.  Ord.  Jaglandanie  {the  Walnut  Family).  Trees,  with  alter- 
nate pinnated  leaves,  and  no  stipules.  Flowers  mon<£ciou8.  Ster- 
ile flowers  in  aments,  with  a  membranous  irregular  calyx,  and  in- 
deflnite  stamens.  Fertile  flowers  few,  clustered,  with  the  calyx 
adherent  to  the  incompletely  two-  to  four-celled  but  one-ovuled 
ovary,  the  limb  small,  three-  to  five-parted;  sometimes  with  as 
many  small  petals.  Ovirie  orthotrspous.  Fruit  drupaceous  j  the 
epicarp  fibrous-fleshy  and  coherent,  or  else  coriaceoua'and  dehis- 
cent :  endocarp  bony.  Seed  four-lobed,  without  albumen.  Em- 
bryo oily  :  cotyledons  corrugate,  S-clefl.  —  Ex.  Juglans  (Walnut, 
Butternut),  Carya  (Hickory,  Pecan,  &c.). — The  greater  part 
of  the  order  is  North  American.  The  timber  is  valuable ;  es- 
pecially that  of  Black  Walnut,  for  its  rich  dark-brown  color  when 
polished ;  that  of  Hickory,  for  its  great  elasticity  and  strength. 
The  young  fruit  is  acrid :  the  oAen  edible  seeds  abound  in  a  dry- 

S78.  Ord.  CnpnliltrB  {the  Oak  Family).  Trees  or  shrubs,  with 
alternate  and  simple  straight- veined  leaves,  and  deciduous  stipules. 
Flowers  usually  Vnoncecious.  Sterile  flowers  in  aments,  with  a 
scale-like  or  regular  calyx,  and  the  stamens  one  to  three  limes  the 
number  of  its  lobes.  Fertile  flowers  solitary,  two  to  three  togeth- 
er, or  in  clusters,  furnished  with  an  involucre  which  incloses  the 
fruit  or  forms  a  cupule  at  its  base.  Ovary  adnate  lo  the  calyx,  and 
crowned  by  its  minute  or  obsolete  limb,  two-  to  six-celled  with  one 
or  two  pendulous  ovules  in  each  cell  :  but  the  fruit  is  a  one-celled 
and  one-seeded  nut  (585).  Seed  without  albumen.  Embryo  with 
thick  and  fleshy  cotyledons,  which  are  sometimes  coalescent  — 
£x.  Quercus  (the  Oak),  Fagus  (the  Beech),  Corylus  (the  Hazel- 
nut), Castanea  (the  Chestnut),  &c.  Some  of  the  principal  forest- 
trees  in  northern  temperate  regions.    Their  valuable  timber  and 
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edible  aeeda  are  too  well  known  to  need  enumeradoo.  Tbe  as- 
tringeot  bark  and  leaves  of  the  Oalc  abound  in  tannin,  gallic  acid, 
and  a  bitter  extractive  called  Quereine  ;  they  are  used  in  tanning 
and  dyeing.  Quercitron  ia  obtained  from  the  Quercus  tinctoria. 
Galls  are  swellings  on  the ''leafstalks,  &c.,  when  woimded  bjr  cer- 
tain insects ;  those  of  commerce  are  derived  from  Q.  infectoria 
.of  Asia  Minor.  Cork  is  the  exterior  bark  of  the  Spanish  Querciu 
Suber. 


879.  Ord.  MrritaeCE  {the  Sweet-GaU  Family).  Shrubs,  with  al- 
ternate and  simple  aromatic  leaves,  dotted  with  resinous  gtanda; 
moncEcious  or  dioecious.  Diflers  from  the  next  principally  by  the 
one-celkd  ovary,  with  a  single  erect  orthotropous  ovule,  and  a 
drupe-like  nut.  —  Ex.  Myrica,  Comptonia,  the  Sweet  Fern.  The 
drupes  of  M.  cerlfera  {our  Candlebcrry)  yield  a  natural  wax. 

880.  Ord.  Btlllla«B  {the  Birch  Family).  Trees  or  shrubs,  with 
alternate  and  simple  stmight- veined  leaves,  and  deciduous  stipules. 
Flowers  moncecious;  those  of  both  kinds  inaments  and  commonly 
achlamydeouB,  placed  three  together  in  the  axil  of  each  three-lobed 

Flo.  lOU  QiMTCu*  ChlHiiiiptn  la  fruit:  a,  cliuurornarfleuiHnU.  IDI3.  A  mgnlM 
■uirlMla  Jlomr.  lOM.  TmiHTem  wclkiD  o[  ui  urirj,  iIidwIbi  Um  lino  ailt  *IUi  Hn 
oTubi  IniKli.  lots.  TbdmmuiiniHd,  olih  ihaauoiiipurlnf  itmnlTtoniU.  IDW  TU 
not  {unrn).  In  tu  aolr  Innlncra,  or  cupula.  lOrr.  Verticil  HciiDa  of  tba  mam,  lod  sT  ilM 
incluted  Mb]  ud  amlitTa,  ahowiug  tba  tblck  coijrlvbiu. 
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bract.  Stameiu  definite.  Ovaiy  two^celled,  each  ceR  with  one 
suspended  OTule :-  styles  or  stigmas  dUlinct.  Fruit  membraoa- 
ceous  or  samuB-like,  one-celled  and  one-seeded,  fonning  with  the 
three-lobed  bracts  a  kiod  of  strobile.  Albumen  none.  —  Ex.  Be- 
tula  (the  Birch),  AInus  (Alder).  Tbe  bark  is  Bometimes  astrin- 
gent, and  that  of  tbe  Birch  is  aromatic.  The  peculiar  odor  of 
Bussia  leather  is  said  to  be  owing  to  a  pyroligneous  oil  obtained 
from  Betula  alba. 


(] 

urn 


881.  Ori.  BalicaecK  (the  Willoio  Family).  Trees  or  shrubs,  with 
altemale  simple  leaves,  furnished  with  stipules.  Flowers  dice- 
cious;  both  kinds  in  aments,  and  destitute  of  floral  envelopes  (ach- 
lamydeous),  one  under  each  bract.  Stamens  two  to  several,  some- 
times monadelpbous.  Ovary  one-celled,  many-ovuled  1  Styles  or 
■tigmaa  two,  often  two-cleft.  Fruit  a  kind  of  follicle  opening  by 
two  valves.     Seeds  numerous,  ascending,  furnished  with  a  silky 


Fia.  1013.  Amantof  lUniinuaaoinii  of  BtluU  rnilluiMl  1M9.  Ona  of  tfaa  tbm-lobad 
*u]«  at  Iha  nuns,  anlvgcd,  ghovinf  the  flonn  (lUnwii)  on  Ihe  Inner  ilde.  1060.  Amgnl  of 
ptnllliu  Sanen.  lOBl.  finncK  [n  frull.  lOEa.  Ona  of  Iba  iuIh  tiilb  iu  ihna  Dovan  (pit- 
tila) laan  rmm  HlDilD.  tOSa.  Mii«qiaed>Bcllonoronai>f  Uh  Iwo-called  piitlli,  diapliyiug  iha 
OTIila  aupanded (ram  tbe  aummlt  of  aich  esIL  lOBl  TbeplaUIJ  (wlUlhelr  nibtandlaglincl) 
in  ■  more  (dmiced  lUla,  lOGE.  MagnlSei]  cniaa^ecllon  of  ana  at  Ifaa  onriaK  1Q6S.  The  on. 
tufa  fnill,  villi  Cha  cdl  dlrklad  •enluUlj ;  Lba  alnfls  md  aecuprlnf  Lha  ciTltf ;  ■  men  UK* 
•tUH  other  coUbainfTlrible.    lOGT.  The  ewd  ntumd.    U88.  Ihe«nt>7<). 
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comal  Albumen  none.  —  Ex.  Salix  (Willow,  already  illustrated, 
473,  Vig.  336-  329),  and  Populus  (the  Poplar).  Trees  with  light 
and  soft  wood  :  the  slender  flesible  shoots  of  several  Willows  ate 
employed  for  wicker-work.  The  bark  is  bitter  and  Ionic  ;  con- 
taining a  peculiar  substance  (Salicine),  which  possesses  febrifugal 
qualities.  The  buds  of  several  Poplars  exude  a  fragrant  balsamic 
resin. 

883.  Ord<  BbIuihUIus  {the  Swecl-Gwn  Family)  consists  of  a  «b- 
gle  genus  of  three  or  four  species  (natives  of  Eastern  India,  the 
Levant,  and  North  America) :  which  are  trees,  with  alternate  pal- 
mately-Iobed  leaves,  and  deciduous  stipules ;  the  moncEcious  flow- 
ers in  rounded  amenta  or  heads,  destitute  of  floral  envelopes ;  the 
indurated  capsules  and  scales  forming  a  kind  of  strobile ;  the  for- 
mer two-celled,  two-beaked,  opening  between  the  beaks,  several- 
seeded  :  the  seeds  with  a  little  albumen.  It  has  recently  been 
referred  to  the  order  Hamamelaces  (799).  —  Ex.  Liquidambar, 
or  Sweet-Gum :  so  called  from  the  fragrant  balsam  or  Storax  it 
exudes. 

688.  Ord.  FiBtlDacCB  (the  Plane-tree  Family)  consists  of  the  sin- 
gle genus  Platanus  (Plane-tree,  Button-ball),  with  one  Astatic  and  , 
one  or  more  North  American  species :  which  are  fine  troea,  with  a 
watery  juice,  and  alternate  pal  mate  ly-lobed  leaves,  with  sheathing 
stipules.  Flowers  in  globose  amentaceous  beads ;  ho\b  kinds  des- 
titute of  floral  envelopes.  Fruit  a  one-seeded  club-shaped  litt|B 
nut,  the  base  furnished  with  bristly  hairs.     Seed  albuminous. 

884.  Ord.  trtiCiMfe  (the  Nettle  Family).  Trees  or  shrubs  with 
milky  juice,  or  herbs  with  a  watery  juice.  Leaves  often  stipulate. 
Flowers  monrecious,  dioecious,  or  polygamous,  sometimes  collect- 
ed in  aments  or  fleshy  heads,  furnished  with  a  regular  calyx.  Sta- 
mens definite.  Ovary  free  from  the  calyx,  simple,  with  a  solitary 
ovule.  Fruit  an  achenium  or  utricle,  often  inclosed  in  a  fleshy 
or  baccate  calyx.  The  order  comprises  the  following  principal 
divisions,  viz. :  — 

885.  Sobord.  IrtoearpeiC  {the  Bread-fruit  Family) ;  which  are 
trees  or  shrubs  with  a  milky  or  yellow  juice  ;  the  flowers  mosdy 
aggregated  into  fleshy  heads,  and  forming  a  compound  baccate 
fruit,  or  else  inclosed  in  a  dry  or  succulent  involucre.  Albumen 
none.  —  Ex.  Artocarpus  (the  Bread-fruit),  Autiaris  (Upas):  all 
tropical. 

886.  Soboid.  HORiE  (tM  Mviberry  Family) ;  which  are  sbniba  or 
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trees,  very  rarely  herbs,  with  a  milky  juice;  ihe  staminale  aDd 
pistillate  flowera  either  in  separate  ameata  or  spikea,  or  often  inter- 
mised  and  iocluded  ia  the  same  hollow  and  closed  fleshy  recep- 
tacle (as  in  the  Fig) :  the  calyx,  ftc,  becomiog  succulent,  and 
rorniing  a  compound  fruit  Seeds  albuminous.  —  Ex.  Moms  (the 
Mulberry,  Fig.  S44-346),  Madura  (the  Osage  Orange),  Flcui 
(the  Fig,  Fig.  241-349) :  nearly  all  tropical. 

887.  Snbord.  UrtlMB  {the  proper  Nettie  Familg) ;  which  are 
herbs  in  colder  countries,  but  ollen  shnibs  c^  trees  in  the  tropics, 
with  a  watery  juice,  often  with  stinging  hairs ;  the  flowen  moady 
loose,  spicate,  or  panicled  ;  the  acheaium  usually  surrounded  by  a 
dry  and  membranous  calyx.  Embryo  siraight,  in  fleshy  albumen. 
—  Ex.  Urtica  (the  Nettle),  Parietaria. 

888.  Soboid.  CanubJaciE  (the  Hemp  Family) ;  which  are  annual 
erect  herbs,  or  perennial  twining  plants,  with  a  watery  juice  ;  the 
slaminate  flowers  racemose  or  panicled ;  the  pistillate  glomer- 
ate, or  imbricated  with  bracts,  and  forming  a  kind  of  strobile-like 
sment.  Embryo  curved  :  albumen  none.  -•  Ex.  Cannabis  (the 
Hemp),  Humulus  (the  Hop) :  natives  of  northern  temperate  re- 

*  gioQs. 

689.  The  fruit  in  this  large  and  polymorphous  family  is  mostly 
innocent  and  edible,  at  least  when  cooked ;  while  the  milky  juice 
is  more  or  less  acrid  or  deleterious.  It  also  abounds  in  caout- 
chouc; much  of  which  is  obtained  from  some  South  American 
trees  of  this  order,  and  from  Ficus  elastica  in  Java.  In  one  in- 
stance, however,  the  milky  juice  is  perfectly  innocent ;  that  of  the 
famous  Cow-tree  of  South  America,  which  yields  copiously  a  rich 
and  wholesome  milk.  One  of  the  most  virulent  of  poisons,  the 
Bohon  VpoM,  is  the  concrete  juice  of  Antiaris  tozicaria  of  the  Indian 
Archipelago.  The  Bread-fruit  is  the  fleshy  receptacle  and  multi- 
ple fruit  of  Artocarpua.  Fuatic  is  the  wood  of  the  South  Ameri- 
can Moms  tincloria.  The  resin  called  Gum  Lac  exudes  and  forms 
smalt  grains  on  the  branches  of  the  celebrated  Banyan-tree  (Ficus 
Indica,  Fig.  119).  Nettles  are  remarkable  for  iheir  stinging  ven- 
omous hairs,  and  tough  fibres  of  the  bark,  which,  as  in  those  of 
Hemp,  are  used  for  cordage.  The  leaves  of  the  Hemp  are  stimu- 
lant and  narcotic,  and  are  used  extensively  in  the  East  for  intoxi- 
cation. Hops  are  the  calkins  of  Humulus  Lupulus ;  the  bitter  and 
sedative  principle  chiefly  resides  in  the  yellow  grains  that  cohere 
to  the  scales  and  cover  Ihe  fruit 
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Subclass  3.    GTHNosPEBHOua  Exogenoits  Fights. 

690.  Ovules,  and  consequently  the  aeeds,  naked,  that  b^DOt  in- 
closed in  an  ovaiy  (560) ;  tbe  carpel  being  represented  either  hy 
an  open  scale,  as  in  Pines  ;  or  by  a  more  evident  leaf,  as  in  Cy 
oas ;  or  else  wanting  allogether,  as  in  tbe  Yew. 

891.  DM.  COBiftrs  {the  Piae  Fatttily).  Trees  or  shnibs,  with 
branching  trunks,  abounding  in  resinous  juice  (the  wood  chiefly 
consisting  of  a  tissue  somewliat  intermediate  between  ordioaiy 
woody  fibre  and  vessels,  which  is  marked  with  circular  discs) ;  the 
leaves  mostly  evergreen,  scattered  or  fascicled,  usually  rigid  and 
needle-shaped  or  linear,  entire.  Flowers  monoecious  or  dicscious, 
commonly  amentaceous,  Stamioale  flowers  consisting  of  one  or 
more  (often  monadelphous)  stamens,  destitute  of  calyx  or  corolla, 
arranged  on  a  common  rhachis  so  as  to  form  a  kind  of  loose  ament. 
— The  particular  structure  of  the  flowers  and  fruit  vanes  in  the 
subordinate  groups  chiefly  as  follows :  — 

893.  Snbord.  AbietinCB  {the  Fir,  or  proper  \Pine  FomiZy).  Per. 
tile  aments  formed  of  imbricated  scales ;  which  are  the  flat  and 
open  carpels,  and  bear  a  pair  of  ovules  adherent  to  tbeir  base,  with 
the  foramen  turned  downwards.  Scales  subtended  by  bracts. 
Fruit  a  strobile  or  cone  (619),  Integument  of  the  seed  coriaceous 
or  woody,  more  or  less  firmly  adherent  to  the  scale.  Embryo  in 
the  axis  of  fleshy  albumen,  with  two  to  fifteen  cotyledons.  (Illus- 
trated in  Fig.  891-401,  pp.  306,  307.) 

893.  Slboid.  CipROiuai  {the  Cyprua  Familjf).  Fertile  aments 
of  few  scales  crowded  on  a  short  axis,  or  more  numerous  and  pel- 
tate (Pig.  402),  not  bracteate.  Ovules  one,  two,  or  several,  borne 
on  the  base  of  the  scale,  erect  (the  foramen  looking  towards  its 
apex.  Fig.  394).  Fruit  an  indurated  strobile,  or  fleshy  and  with 
the  scales  concreted,  forming  a  kind  of  drupe.  Integument  of  the 
seed  membranous  or  bony.  Cotyledons  two  or  more.  Anthers  of 
several  parallel  cells,  placed  under  a  shield.like  connectivum.  — 
Ex.  CupresquB  (Cypress),  Taxodium  (American  Cypress),  Juni- 
perus  (Juniper,  Ked  Cedar). 

894.  Snbord.  TaiiDeB!  {the  Yeto  Familg).  Fertile  flowers  solitary, 
terminal,  consisting  merely  of  an  ovule,  forming  a  drupaceous 
seed  at  maturity.  There  are,  therefore,  no  strobiles  and  no  car- 
pellary  scales.  Embryo  with  two  cotyledons.  — Ex.  Taxus  (the 
Yew),  Torreya. 


,y  Google 


XKDOGXirODS   OB  HOKOGOTYLBDOItOirB   7I.AKTS.  46B 

895.  It  is  uDDccesaary  to  ppeoify  the  important  uses  of  ihis  lai^ 
and  charactemtic  family,  which  comprises  the  most  important  tim- 
ber-trees of  cold  couDtriea,  and  also  furnishes  reaiDOus  products  of 
great  importance,  such  as  turpentine,  resin,  pitch,  tar,  Canada  bal- 
tam  (obtained  from  the  Balsam  Fir),  &c.  The  terebintbine  JunU 
per-herries  are  the  fruit  of  Juniperua  communis.  The  Larch  yields 
Venetian  turpentine.  The  powerful  and  rubefacient  Oil  ofSaein 
is  derived  from  J.  Sabina  of  Europe :  for  which  our  J.  Virgini- 
aoa  (Red  Cedar)  may  be  substituted.  The  leaves  of  the  Yew  are 
narcotic  and  deleterious.  The  barit  of  Hemlock  and  Larch  is  used 
for  taDQing. 

696.  Ord.  Grudacea  {the  Cyeat  Fatnilg).  Tropical  plants,  with 
an  uabrenched  cylindrical  trunk,  increasing,  like  Palms,  by  a  sin- 
gle terminal  bud ;  the  leaves  pinnate  and  their  segments  rolled  up 
from  the  apex  (circinate)  in  vernation,  in  the  manner  of  true  Ferns. 
Flowers  dicecious ;  the  stamlnate  in  a  strobile  or  cone ;  the  ptsiil- 
late  also  in  strobiles,  or  else  (in  Cycas)  occupying  coniiBcted  and 
partly  metamorphosecl  leaves;  the  naked  ovules. borne  on  its  mar- 
gins. —  Ex,  Cycas,  Zamia,  the  dwarf  Florida  species  of  which  is 
illustrated  In  Fig.  403-409,  p.  308.  — A  kind  of  Arrowroot  is 
obtained  from  these  thickened  stems ;  and  a  sort  of  Sago  from  the 
trunk  of  Cycas. 


Class  II.     Endogenous  ob  Monocottledohocs  Plants. 

697.  Stem  not  disiinguishable  into  bark,  pith,  and  wood ;  but  the 
latter  consisting  of  bundles  of  fibres  and  vessels  irregularly  imbed- 
ded in  cellular  tissue ;  the  rind  firmly  adherent ;  no  medullary 
rays,  and  no  appeamnce  of  concentric  layers :  increase  in  diame- 
ter effected  by  the  deposition  of  new  fibrous  bundles,  which,  at 
their  commencement  at  least,  occupy  the  central  part  of  the  stem. 
Leaves  seldom  falling  off  by  an  articulation,  commonly  sheathing 
at  the  base,  usually  alternate,  entire,  and  with  simple  parallel 
veins  (nerved).  Floral  envelopes  when  present  mostly  in  threes ; 
the  calyx  and  corolla  frequently  undistinguisbable  in  texture  and 
appearance.  Embryo  with  a  single  cotyledon;  or  if  the  second 
is  present,  it  is  much  smaller  than  the  other  and  alternate  with 
it  (634). 

41* 
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CONSFECTDS   OF  TH8  OrDEXS. 

Gm^  I.  Fiowen  on  •  ipadiz,  fnniiahed  with  ■  doable  perimth  (cbIjs  ud 
corolla).  Otuj  one-  to  three-celled,  with  a  liogle  onile  in  etch  ceU- 
Embrjo  in  hud  albameiL  —  Tree*  wilh  nnbnnched  colamaar  trnnki. 

P^LMJC,  p.  487. 

Qrm^  S.    fiowen  on  k  tptdiz ;  wilh  ibe  peiUntli  dmple,  (cale-like,  or  cou- 

monlj  mllogerher  wanting.  —  Cbiefl]'  herbj. 

Terreitriel,  moitlj  wilh  a  ipalhe.    Fruit  b«ccu«.  AmACBS.  p.  4Ba. 

TerTMtrial.  Frail  nut-like,  one-ieeded.  Ttpkacub,  p.  48B. 
Aqoatic  (floating  or  immened). 

Flowers  from  the  edge  of  the  floatiDg  tnni.  iMaaiAfXM,  p.  481. 

Fiowen  axilbuj  or  on  a  ip«dix.  Naiadac&b,  p.  4M. 

Oroap  S,  Flowert  not  ipadiceoni,  Airniihed  wilh  a  doable  perianth  (caljz 
and  corolla).  Oraiiee  leveial,  distinct,  or  lomeiimea  nnited,  ftee.— 
Aquatic  herb*.  Alibmaoka,  p.  490. 

Qthh^  4.  Fiowen  wilh  a  iimple  or  double  perianth,  adhennt  to  the  otaij 
(oTai7  inierior),  either  complete! j  or  partial] j.  —  Herfai. 

•  Perianth  legnlar.    Otmj  one-eelled,  with  parietal  placentM,  or  tairiy  ihiee- 

lo  nx-celled,  with  the  placenta)  in  the  axii. 
Dkecions  or  polTgamon* ;  aqnatic.  Htdbochikidioxx,  p.  491. 

Fiowen  perfbcti  terrettrial.  Bvajtxmii^cxs,  p.  491. 

•  •  Perianth  iiregnlar.    Ovaiy  one-celled,  with  parietal  plac«nbe.    Sument 

one  or  two,  adbeient  lo  the  si;le  (gynandronsj.         Obcbidacea,  p.  491. 

•  ■  •  Peiiantb  irregular.  Orarj  three-celled.  Perfect  etamens  nsnalty  one- 
Fertile  BMinen  1,  ioferior.  ZmoiBKaAOB^  p.  491. 
Fertile  atamen  I,  mperior.  Caioacls,  p.  499. 
Fertile  itamen*  mostlj  6,  the  eixth  abortive.  Huiack^  p.  493. 

>  •  t  •  Perianth  regular,  or  BOmetiinea  a  Utile  inegnlar.    0-nrj  threeMselled, 

ntan^-OTaled  <iB  Tillaodaia  free,  in  Iiophiola  nearly  to).    Btamen*  eitbec 

three  or  «ix. 

Anthen  intcone.    Stamen*  moatlj  B. 

Butboni.  Amaktllidaces,  p.  494. 

Kotbalboiu:rootBbroni:leare*indoratedoricnrf7.  Bbombuacea,  p.  493, 

and  HiBVODOBACE^  p.  493. 

Anthen  extrone.    Stamen*  3.  Ikidaobs,  p.  494. 

.  •  •  •  •  Perianth  regnlar.    Ovary  three-celled,  with  one  or  two  ovule*  in 

each.    Flower*  dicedou*.    Stamen*  six.  Diobcorbacbs,  p  493. 

Group  S.  Fiowen  with  a  regular  perianth,  which  i*  more  or  leu  petaliud 
(the  two  Beriea  when  present  are  similar),  or  rarely  glnmaceone,  and  free 
from  the  ovary.    Embryo  inclosed  in  albumen. 

Perianth  not  glamaceoiu. 
Anthen  ioirone.    Styles  or  stigma*  separalo.  Sxilaokx,  p.  49S. 


,y  Google 


BHDOGSHOUS   OB  NONOCOTTLBDOROTTS  FLAItTS.  467 

JkntKen  hitrone.    Style*  united  into  one. 

TerrestriB),  not  apalluweoiu.    Flower  legnlar.  Liliacks,  p.  495. 

Aqnitic,  BpAthBceoni.   Flower  ofWner  irregolAr.  FoRTtDBiiiCBA,  p.  49& 

Anthen  eitrone  (except  ToSeldia).  Helakthacb^  p.  494. 

Perianili  glomaceotu.  Jdhoices,  p.  497. 

Gmtp  6.    Flower*  with  «  double  or  imbric&ted  perianth :  the  exterior  herii*- 

ceoni  or  glnmaceou ;  the  inner  petalqid,  Tree  fmm  the  one-  to  three-celled 

ataxy.    Seeds  ortbolropoiu ;  the  enflii^o  M  the  extremity  of  the  albnmeD 

fkitheat  from  the  'hilnm. 
Xlowen  perfect.    BepaU  herb>ceoiu.  C<ixifxi.TiricB«,  p.  498. 

Flowen  perfect,  capitate.  Sepals  and  bracU  glninaceotu.  XiRiDACEa,  p.  49S. 
Flowen  moncecioiu  <x  dicedona,  csfiitate.  Ebiocaulohacea,  p.  49S. 

OnKp  7.    Ilowen  imbricated  with  btact*  (gliunee)  and  diapoeed  In  apilteleii ; 

the  proper  perianth  none  or  rndimentai;,    Orai;  one-celled,  one-ovnled. 

Embi^o  at  the  extremitj  of  the  albumen  next  the  hilnm. 
Sheathe  closed.    Glnme  or  bract  single.  Ctivbacbx,  p.  498. 

Sheaths  open.    Glumes  in  paira.  Ouahiskx,  p.  499. 

898.  Ori.  PalmB  (Falna).  Chiefly  trees,  with  unbranched  cylin- 
drical trunks  growing  by  a  terminal  bud.  Leaves  large,  clustered, 
fan-shaped  or  piunaled,  plaited  in  vematioD.  Flowers  small,  per- 
fect or  polygamous,  mostly  with  a  double  (6-meroua)  perianth ; 
the  stamens  usually  as  many  as  the  petals  and  sepals  together. 
Ovary  l-3-cel!ed,  with  a  single  ovute  in  each  cell.  Fruit  a  drupe 
or  berry.  Seeds  with  8  cartilaginous  albumen,  often  hollow ;  the 
embryo  placed  in  a  small  sepaiate  cavity. —  Ex.  Palms,  the  most 
majestic  race  of  plants  within  the  tropics,  and  of  the  highest  value 
to  mankind,  are  scarcely  found  beyond  the  limits  of  these  favored 
regions.  The  Date-tree  (Phceniz  dactylifera,  the  leaves  of  which 
ore  the  Palms  of  Scripture),  a  native  of  Northern  Africa,  endurea 
the  climate  of  the  opposite  shores  of  the  Mediterranean  :  while  in 
the  New  Worid,  Chamffirops  Palmetto  (Fig.  166),  the  only  arbo- 
lescent  species  of  the  United  States,  and  one  or  two  low  IVilms  with 
a  creeping  caudex  (Dwarf  Palmettos),  extend  from  Florida  to 
North  Carolina.  Palms  alford  food  and  raiment,  wine,  oil,  wax, 
flour,  sugar,  salt,  thread,  weapons,  utensils,  and  habitaotins.  The 
Cocoa-nut  (Cocos  nucifera)  is  perhaps  the  roost  important,  as  well 
a3  the  most  widely  difiused  species.  Besides  its  well-known  fruit, 
and  the  beverage  it  contains,  the  bard  trunks  are  employed  in  the 
construction  of  huts;  the  terminal  Bud  (as  in  our  Palmetto  and 
other  Cabbage  Palms)  is  a  delicious  article  of  food ;  the  leaves  are 
used  for  tbatchbg,  for  making  hats,  baskets,  mats,  fences,  for 
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torches,  and  for  writing  upon ;  the  st&llc  and  midrib  for  oara  ;  their 
Ksbes  yield  abundance  of  Potash ;  the  juice  of  the  flowers  and 
stems  (replete  with  sugar,  which  is  Bomelimes  Beparaled  under  the 
name  of  Jagery)  is  fermented  into  a  kind  of  wine,  or  distilled  into 
Arrack ;  from  its  spathes  (aa  from  some  other  Palms),  whea 
wouuded,  flows  a  grateful  laxative  beverage,  knowa  in  India  by 
the  Dame  of  Toddy ;  the  rind  of  the  fruit  is  used  for  culinary  ves- 
sels ;  its  tough,  fibrous,  outer  portion  is  made  into  very  strong  cor- 
dage ( Coir  rope) ;  and  an  excellent  fixed  oil  is  copiously  expressed 
from  the  kernel.  Sago  is  procured  from  the  trunks  of  many 
Palms,  but  chiefly  from  species  of  Sagus  of  Eastern  India.  Canet 
and  Rallatu  are  the  slender,  ofYen  prostrate,  stems  of  species  of 
Calamus.  The  Phytelephas  of  South  America  yields  the  larger 
sort  of  DUts,  the  hard  and  while  albumen  of  which  is  the  vegetable  ' 
ivory,  now  so  largely  used  by  the  turner. 


899.  Ori.  irawB  {the  Arum  Family).  Herbs,  with  a  fleshy 
corm  or  rhizoma,  occasionally  shrubby  or  climbing  plants  in  the 
tropics ;  the  leaves  sometimes  compound  or  divided,  frequently 
with  more  or  less  reticulated  veins.  Flowers  mostly  on  a  spadlx 
(often  naked  at  the  extremity)  usually  surrounded  by  a  spatbe. 
Flowers  commonly  monceciouB,  and  destitute  of  envelopes,  or  with 
a  single  perianth.    Ovary  one-  to  several -celled,  with  one  or  more 

ha  lnllgfMe«iKa  of  Chunnapi  Hyndi  (BliH  PdnMlo).  IIMIl  k 
Kt  lomr,  wlih  the  ulji  and  coroU*  mniKiiil  lOGS.  Sum,  silk 
thnt  otlta  •URiHU  remoteil, «  u  nvm^iilincllj  to  show  lh«  ihnni  iDiniHhii  anilol  CKjuli 
1DS3.  Onaof  tha  urjiEli  eolaifnl,  •wi  liimllT.  ICM  Suae,  wllbi  lecilanor  lu  Inntfbci, 
■bowliic  tiM  oTula  or  Jauat  met.  ICW.  Vtnkal  Hcllon  of  i  jounf  cmH  nut.  ihaoliii  Ik* 
Ibomsn ;  wa  alM  Uu  inuU  wnkrra  In  ■  Hfvue  Hula  caTltf.    tOGO,  Sactioa  ol  ■ 
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ovules.  Fruit  &  berry.  Seeds  with  or  without  albumen. — Ex. 
Arum,  Calla,  Symplocarpus  (Skunk-Cabbage),  Orantium,  AconiB 
(Sweet  Flag)  :  the  three  latter  bear  flowers  furnished  with  a  peri- 
anth. —  All  are  endowed  with  an  acrid  volatile  principle,  which  is 
merely  pungent  and  aromatic  in  Sweet  Flag  (Acorus  Calamus). 


900.  Ord.  TfpbBteiB  (ike  Cat-ltiit  Family)  consists  of  two  genera ; 
namely,  Typha  (the  Cat-tail),  and  Sparganium  (Burr-reed),  of  no 
important  use  ;  they  are  somewhat  intermediate  between  Aracete 
and  Cyperaceee. 

901.  Ord.  IcmnBUI!  {ihe  Duck-weed  FamtZy),  consisting  chiefly 
of  Lemna  (Duckweed,  or  Water  Flax-seed) ;  floating  plants,  with 
their  roots  arising  from  the  bottom  of  a  flat  frond,  and  hanging 
loose  in  the  water ;  their  flowers  produced  from  the  margin  of  the 
frond,  bursting  through  a  membranous  spalhe  ;  the  sterile,  of  one 

PIO.  lasr.  Yiim%  I«r,  and  1068,  •palliH  and  Awan,  of  S^nptocHpiH  (ehMl  IOSB.  A 
npu*la  flavar.  lOm.  A  kihI  and  auinen  aain  from  wiihln.  lUTl.  An  anlher  aaan  (rom  Uia 
ftmt.  V3H.  Tha  apidli  oi  collacllTa  bud  In  fniU ;  a  quinar-ieciloii  nmartd,  pbunini  aac- 
UODi  of  Iha  Immaraad  aaada.  1U73.  A  •ssd  dcUebad,  of  Iha  uliirnl  itia.  ICr74.  SnUlnaof  Iht 
aad,  Irilti  V»  larfa  gMHlar  amtaro  aod  plumula  :  In  Mt  pilot  than  li  m  ■Ibanwa. 


,y  Google 


4S0  EHDOGRNOOS  OB  MONOCOITLEDONOnS  FLAHTB. 

or  two  stamens ;   the  fertile,  of  a  one-celled  ovary ;  in  fruit  t 
utricle :  they  are  a  kind  of  minute  and  greatly  reduced  Araces. 


902.  Ori.  Nsladatea  {the  Pond-veed  Famils).  Water-planta, 
with  cellular  leaves,  and  sheathing  stipules  or  bases :  the  flowers 
inconspicuouH,  sometimes  perfect  Perianth  simple  or  none.  Sta- 
mens definite.  Ovaries  solitary,  or  two  to  four  and  distinct,  one- 
seeded.  Albumen  none.  Embryo  straight  or  curved.  —  Ex,  Po- 
tamogeton  (Pond-weed),  Najaa,  Ruppia,  Zostera;  the  two  latter  in 
salt  or  brackish  water. 

903.  Ord.  AUimaeen  {the  Water-Planlain  Family).  Marsh  herbs, 
with  the  leaves  and  scapes  usually  arising  from  a  creeping  rhizo- 
ma ;  the  former  either  linear,  or  bearing  a  flat  limb,  which  is  ribbed 
or  nerved,  but  the  veinlets  commonly  reticulated.  Flowers  regu- 
4ar,  perfect  or  polygamous,  mostly  in  racemes  or  panicles,  not  on 
a  spadix.  Perianth  double.  Sepsis  three.  Petals  three.  Seeds 
solitary  in  each  carpel  or  cell,  straight  or  curved,  destitute  of  albu-  . 
men.  —  £x.  AUsma  (Water-Plantain),  Sagitlaria  (Arrowhead); 
belonging  to  the  proper  Alisma  Family,  which  has  the  seed  (end 
consequently  the  embryo)  curved  or  doubled  upon  itself.  Triglo- 
chin  and  Scbeuchzeria  chiefly  constitute  the  suborder  Jcmcioihe^  ; 


Flo.  1076.  Whols  plan!  orLmiiMirilnor,  nufnlBnd,  bMringiilwnlul 
tr.  I07B.  AnlDdlTldualtrlibidluilniuiparltet  amnir;  nhlcliu  I07T  I* 
lu  ipulu,  blihlf  raigittfisd.  1078.  PLomr  of  Lunu  (Ibtan,  mucb  wMgaU 
Ugtif  lugninsd  Hclioii  or  tha  plnll  uid  Iha  eonlaliwd  omlg  of  Idmai 
riuU,  tai  lUSI,  lu  •DcU«D,  (boHliif  Iha  nsd.  1081.  Secllon  UuDOfhlt 
MSd  ud  tufa  smtvj'o. 
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where  the  seed  and  embryo  are  Btraight,  and  the  petals  (if  present) 
greeoish  like  the  calyx. 


904.  Ord.  H^drochuidactlE  {tJie  Frog'i-bil  Family)  consists  of  a 
few  aquatic  herbs,  with  dicecious  or  polygamous  regular  flowers  on 
scape-like  peduncles  from  s  spathe,  and  simple  or  double  floral 
envelopes,  which  in  the  fertile  flowers  are  united  in  a  tube,  and 
adnata  to  the  I  -  6-celled  ovary,  more  commonly  one-celled  with 
three  parietal  placentae.  Seeds  numerous,  without  albumen.  —  Ex. 
Limnobium,  Vallisneria,  Udora.' 

905.  Ord.  BDnBUOiateiE  consisls  of  small,  mostly  tropical,  annual 
herbs,  differing  from  Orchidaces  by  their  regular  and  perfect  flow, 
ers  with  three  stamens.  —  Ex.  Burmannia,  Apleria,  of  the  South- 
ern Stales. 

906.  Ord.  Orehidaecn  (the  Orchis  Family).  Herbs,  of  varied  as- 
pect anil  form  ;  distinguished  from  the  other  orders  with  an  adnate 


*  Okd.  BUTOMACB^  comistB  of  BniomnB,  Hydrocleis,  &c. :  plaDtt  re- 
sembling the  Alisma  tribe,  bat  with  ■  milk/  jnics,  anil  the  nnmetmu  seeds 
alMched  to  the  whole  inner  ent&ce  of  the  cnrpela  1 

Fia.  1063.  Ru<m^or9pikgDrTrigl«hla[»li»UB.  ll»t  Enlirged  Sowar.  lOSS.  A  pgtil 
*Dil  ituDHk.  1066.  Tbg  ihltHbaped  capnil*.  1IS7.  A  DUfaifiH]  Hid,  ubibltinf  tha  rhipta* 
mnd  cbnluiL  10^.  EmtiryDof  Ihsaaow,  nhowlog  Ibt  liuml  ilit  jiutnlnn  tbg  ndlculir  god 
(B34,  whsra  Ihii  •iruclura  )g  rlplitprd).  1089.  VerUCBl  aictlon  nt  Ihe  iuiia  paMiDf  thmugta 
tbg  gill,  bringing  Ihe  phjmulg  to  tlaw.  lOBO.  Crga-MCtloo  (mora  imgnlSgd),  gbowlng  Ibg  CO- 
tylaAnl  wrappoJ  gnnind  Iha  phiniulg. 

FiO.  loaj,  L«r,  and  1092.  floffer,  of  Altam  PlinUifa.  10P3.  Hon  enbirpd  Sowgr,  irllh 
tbg  pgtala  Rmaiad.  lOM.  Carpal,  with  Ihg  0TU7  dJriiM,  gbawlnf  tbg  douUg  otula.  tOH. 
Tanloil  bbciIdd  of  Ihe  ggrmlnuing  gaadof  AJigma  Dunuoalum ;  a,  tbo  coif  laikiD ;  b,  Iha  pin- 
mulg;  e,  tba  |satiudln(  ndlcla. 
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ovary,  aod  from  all  other  plaola,  by  their  irregular  flowers,  with  a 
perianth  of  six  parts  ;  their  single  fertile  etameo  (or  in  Cypripe- 
diutn  their  (wo  stamens)  coherent  with  the  style  (compoaiDg  the 
column) ;  their  pollen  usually  combined  into  two  or  more  compact 
or  regular  masses  (poUinia),  or  of  (he  consistence  and  appearance 
of  wax:  the  ovary  one-celled,  with  three  parietal  placenta,  cov- 
ered with  numerous  small  seeds,  —  Ex.  Orchis,  Cypripedium 
(Iiadies'-Slipper),  Arethusa,  &c.  In  the  tropics  many  are  Epi- 
phytes (133,  Pig.  120).  Many  are  cultivated  for  their  beauty  aiid 
singularity.  The  tuberiferous  rools  are  often  filled  with  a  very 
dense  mucilaginous  or  glutinous  substance  (as  those  of  our  Aplec- 
tram,  thence  called  Putty-root).  Of  this  nature  ia  the  Salep  of 
commerce,  the  produce  of  some  unascertained  species  of  Middle 
Asia.  The  fragrant  Vanilla  ia  the  fleshy  fruit  of  the  West  Indian 
Vanilla  claviculata. 


907.  Old.  Zioglbtnees  {the  Ginger  Family)  consists  of  some 
tropical  aromatic  herbs,  the  nerves  of  their  leaves  diverging  from 

FHl.  1090.  OrchU*pM:ubLlli:  a,aH|>TBU  flQinr,  tDEI7.  CJoLomn  (Bmawliu  nu^Uhd), 
from  which  Iha  aiherpuuara  cu:  iwij:  ibo  Ivg  aalhar^caUB  apaning  tnd  ibowlng  the  poUis- 
iiiiMiii  1096.  MifnlBin!  pMen-amm.  wllh  lu  lUlk.  1099.  ArUiim  bgllnv.  1100,  Tka 
cslumii,  anlugsd:  Ibn  unlbsr  lumlnil  taS  opuiiig  bja  Ud.  IIOL  Mifsiasd  uUiBt,  wUh 
Uh  lid  nnwTid,  (tuwlDf  Um  Iwo  pollaii,iDUHW  Ln  gaicti  mU. 
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B  midrib ;  dw  adnate  periaoth  irregular  and  triple  (having  a  corolla 
of  two  series  aa  well  aa  a  calyx) ;  fertile*  stamen  one,  on  the  ante- 
rior side  of  the  flower,  free  -,  the  fruit  a  three-celled  capsule  or 
berry ;  the  seeds  several :  with  the  embryo  in  a  little  sac  at  one 
extremity  of  the  farinaceous  albumen. — There  are,  in  fact,  six 
stamens  In  the  andrfscium,  the  three  exterior  petaloid  and  forming 
the  so>calle<I  inner  corolla,  and  two  of  the  inner  verticil  ore  sterile. 
~-Ex.  Zingiber  (Ginger),  Amomum  (Cardamon).  Stimulant  and 
aromatic  Some  afford  a  coloring  matter  ( Tarmerie).  They  are 
all  showy  plants. 

908.  6(d.  CUDIHHB  (the  Arrowroot  FmntZy),  which  ale  equally 
tropical  plants,  differ  from  the  preceding  chiefly  in  the  want  of 
aroma,  and  in  having  the  single  fertile  stamen  posterior,  with  a 
Wie-celled  anther.  —  Ex.  Maranta  arundinacea  (the  Arrovroot) 
of  the  West  Indies ;  the  tubers  of  which  are  filled  with  pure  starch. 

909.  Ord.  IduME  {the  Banana  Family).  Tropical  plants,  of 
which  the  Banana  and  Plantain  are  the  type  ;  distbguished  by  their 
simple  perianth  and  five  or  six  perfect  stamens.  The  fruit  is  most 
important  in  the  tropics;  the  gigantic  leaves  are  used  in  thatch* 
ing ;  and  the  fibres  of  Musa  lexlilis  yield  Manilla  hemp,  as  well  as 
a  finer  fibre  from  which  a  delicate  linen  is  made. 

910.  Ord.  Bmntlilcete  (tA«  Pint-Apple  Family)  consists  of  Amer- 
ican and  chiefly  tropical  plants ;  with  rigid  and  dry  channelled 
leaves,  of\ea  with  a  scurfy  surface,  a  mostly  sdnate  perianth  of 
three  sepals  and  three  petals,  and  six  or  more  stamens ;  the  seeds 
with  mealy  albumen.  —  Ex.  Ananassa,  the  Hne-Apple  ;  the  fine 
fruit  of  which  is  formed  by  the  consolidation  of  the  imperfect  flow- 
ers, bracts,  and  receptacle  into  a  fleshy,  succulent  mass.  Tilland- 
ua,  the  Black  Moss  or  Long  Moss,  which,  like  most  Bromelias, 
grows  on  the  trunks  and  branches  of  trees  in  the  wanner  and  hu- 
mid parts  of  America,  has  the  ovary  free  from  the  perianth. 

911.  Ord.  HBmodonna  {the  Bloodtoort  Family)  is  composed  of 
perennial  herbs,  with  fibrous  roots,  equitant  or  enslform  leaves; 
which,  with  the  stems  and  flowers,  are  commonly  densely  clothed 
with  woolly  hairs  or  scurf.  Perianth  with  the  tube  either  nearly 
free  from,  or  commonly  adherent  to,  the  three-celled  ovary ;  the 
limb  sii-clef^,  regular.  Stamens  six,  or  only  three,  with  introrse 
anthers.  Style  single,  the  stigma  standing  over  the  dissepiments 
of  the  ovary.  Embryo  in  cartilaginous  albumen.  —  Ex.  Lachnan- 
thes  (Red-Boot),  Lophiola, 
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912.  Ord.  ImBTyllidani!  (the  AmaryiUM  Fanilj/).  Bulboaa  plants 
(sometimes  with  fibrous  roots),  bearing  ahowy  flowera  mostly  on 
Bcapea.  Periaoth  regular,  or  nearly  so ;  the  tube  adhereni  to  the 
ovary,  and  oAen  produced  above  it,  sis'parted,  Stamena  aix,  dis- 
tinct, with  introrse  anthers.  Stigma  undivided  or  three-lobed. 
Fruit  a  three-celled  capaule  or  berry.  Seeds  with  fleshy  albumen. 
—  Ex.  Amaryllis,  Narcissus,  Crinum,  &.c.  The  bulbs  acrid,  emet- 
ic, &c. :  those  of  HEBmanthus  (with  whose  juice  the  Hotteototi 
poison  their  arrows)  are  extremely  venomous.  The  fermented 
juice  of  Agave  is  the  intoxicating  Ftdque  of  the  Mexicans. 

913.  Old.  Iridactll  (the  Iris  Family).  Perennial  herbs;  the 
flower-atema  springing  from  bulbs,  corms,  or  rhizomas,  larely  with 
fibrous  roots,  mostly  with  equitant  leaves.  Flowers  regular  or 
irregular,  showy,  orien  springing  from  a  spathe.  Perianth  with 
the  tube  adherent  to  the  three-celled  ovary,  and  usually  elongated 


above  it;  the  limb  six-parted,  in  two  series.    Stamens  three,  dis- 

FIO.  IlOa.  Irii  crlMiu.  IIOS.  tbe  niminll  or  Iba  R^le,  peUdoU  nlpimi,  ud  MfrMM. 
IIM-  TMkd  Hclkn  of  lbs  0TiI7  (Ib*  equluuit  !>■•«■  cm  amj)  uil  ktrif  iniM  ol  tbi  ptrt- 
adth.    not.  CraH-MOlUKifUHiKid.    HOT.  6Md.    UOI.  Eiilu|ad  •kUoo  oT  tha  luia,  jhn*^ 
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tinct  or  monadelphotu ;  the  antben  extrone  I  Stigmas  three,  di- 
lated or  petaloid  I  Seeds  with  hard  albumeo.  —  Ex.  Iris,  Crocus. 
The  rootslocks,  corms,  &c.  contain  starch,  with  some  volatite 
acrid  matter.  Orrit-root  is  the  dried  rhizoma  of  Iris  florentiDB,  of 
Southern  £urope.  Saffron  is  the  dried  orange  stigmas  of  Crocus 
SBlJvua. 

914.  Ord.  DlOKOnacea  {the  Yam  Family)  consists  of  a  few  twin- 
ing  plants,  with  large  tuberous  roots  or  knotted  roolstocks ;  distin- 
gubhed  by  their  ribbed  and  netted-veined  leaves,  with  distinct  peti- 
oles, and  by  their  inconspicuous  diceciSus  flowers.  Perianth  in 
the  pistillate  flowers  adherent  to  the  orary;  the  limb  six-cleft  in 
two  series.  Stamens  six.  Ovary  three-celled,  with  only  one  or 
two  ovules  in  each  cell :  styles  nearly  distinct.  Fruit  o(\eD  a  three- 
winged  capsule.  Albumen  cartilaginous.  —  Ex.  Dioscorea.  Tha 
tubers  of  one  or  more  species,  filled  with  starch  and  mucilage  (but 
more  or  less  acrid  until  cooked),  are  Fonu,  an  important  article  of 
food  in  tropical  countries. 

915.  Ord.  SmilartB  {the  Smilax  Family).  Herbs  or  shrubby 
plants,  often  climhing,  with  the  veins  or  veinteta  of  the  leaves 
reticulated.  Flowers  perfect  or  dioecious.  Perianth  sii-parted  or 
double,  the  three  sepals  green,  and  the  three  petals  colored.  Sta- 
mens six :  anthers  introrse.  Cells  of  the  ovary  and  distinct  styles 
or  stigmas  three.  Berry  few-  or  many-seeded.  Albumen  hard. 
—  Ex.  Smilax  {Greenbrier,  Catbrier,  &,c.).  The  Surn^iartUa 
of  the  shops  consists  of  the  roots  of  numerous  species  of  Smilax, 
chiefly  of  tropical  America.  Trillium  is  the  type  of  the  suborder 
Tkilliacba. 

916.  Ord.  LUiacnE  (ike  Lily  Family).  Herbs,  with  the  flower- 
stems  springing  from  bulbs,  tubeis,  or  with  fibrous  or  fascicled  roots. 
Leaves  simple,  sheathing  or  clasping  at  the  base.  Flowers  regu- 
lar, perfect.  Perianth  colored,  mostly  of  six  parts,  or  six-cleft. 
Stamens  six  :  anthers  introrse.  Ovary  free,  three-celled  ;  the 
styles  united  :  stigma  often  ihree-lobed.  Fruit  capsular  or  fleshy, 
with  several  or  numerous  seeds  in  each  cell.  Albumen  fleshy.  ^ 
Ex.  This  lai^  and  widely  diffused  order  comprises  a  great  varie- 
ty of  forms :  the  Lily  and  Tulip  represent  one  division ;  the  Poli- 
anthes  (Tuberose),  a  second ;  the  Aloe  and  Yucca,  a  third ;  the 
Hyacinth,  the  Onion,  &c.  (Allium),  the  Asphodel,  Asparagus,  &c., 
a  fourth.  Acrid  and  often  bitter  principles  prevail  in  the  order, 
and  are  most  concentrated  in  the  bulbs,  &c.,  which  abound  in 
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starchy  or  mucilaginous  matter,  and  are  often  edible  when  cookod. 
Squillt  are  the  bulbs  of  Scilla  marilima  of  the  South  of  Europe. 
Aloea  is  yielded  by  the  succulent  leaves  of  species  of  Aloe.  The 
original  Dragon^ i-blood  was  derived  from  the  juice  of  the  famoua 
Dragon-tree  (Dracena  Draco)  of  the  East. 


917.  Ord.  PontederiaeeE  (the  Piekerel-vseed  Family)  comprises  a 
few  aquatic  plants,  with  the  flowers,  either  solitary  or  spicale,  aris- 
ing from  a  spathe  or  from  a  fissure  of  the  petiole ;  the  six-cleft 
perianth  persistent  and  withering,  often  adherent  to  the  base  of  the 
thrge-celled  ovary ;  the  stamens  three,  and  inserted  on  the  throat 
of  the  perianth,  or  six,  and  uneqiul  in  situation.  Ovules  numer- 
ous ;  but  the  fruit  often  one-celled  and  one-seeded.  —  Ex.  Ponte- 
deria  (Pickerel- weed),  Heteranthera,  dec. 

916.  Ord.  lelanllianB  ('As  ColcUaim  Family).  Herbs,  with 
bulbs,  corms,  or  fasciculated  roots.  Perianth  regular,  in  a  double 
series  ;  the  sepals  and  petals  either  distinct,  or  united  below  into  a 
tube.      Stamens  six;   the  anthers  extrorse  (except  in  Tofieldia). 
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Oraiy  free,  three-celled,  seve  ml -seeded :  styles  distinct    Alba* 
mea  fleshy.    The  true  Nfelanlhacese,  or 

919.  Snbaid.  HduUlleB  have  a  mostly  septicidat  capsule  aod  a 
marcBsceat  or  persistent  periaath.  —  Ex.  Colchicum  has  a  peri- 
anth  with  a  long  tube,  arising  from  a  subterraneao  ovary ;  it  is  also 
remarkable  for  flowering  la  the  autumn,  when  it  is  leafless,  ripen- 
ing its  fruit  and  producing  its  leaves  the  following  spriDg.  In 
most  of  the  order,  the  leaves  of  the  perianth  are  uncombined  ;  as 
in  Vemlrum  (White  Hellebore),  Helonias,  dtc.  Acrid  and  drastic 
poisonous  plants,  with  more  or  less  narcotic  qualities;  chiefly  due 
to  a  peculiar  alkaloid  principle,  named  Veratria,  which  is  largely 
extracted  from  the  seeds  of  Sabadilla,  or  Cebadilla ;  the  produce 
oC  Schcenocauloa  officinale,  &c.,  of  the  Mexican  Andes. 


920.  Snbord.  rvnlarics  (the  BellKort  Familg)  has  a  few-seeded 
loculicidal  capsule  or  berry,  more  or  less  united  styles,  and  a  de- 
ciduous perianth  ;  the  stems  from  rootstocks.  —  Ex.  Uvularia. 

921.  Ord.  JimeiKS  {the  Rush  Famlg).  Herbaceous,  mostly 
grass-like  plants,  often  leafless :  the  small  glumaceous  flowers  in 

Flo.  1113.  Cidchlcuinulnnmita;  ■BowsrimiiluL  1113:  PnUiUhliMcipan.  1111.  Pto- 
ill,  wllb  ihs  loof  dinlDci  it/lw  llie.  Leaff  Hoii  and  riuii  (upnils  opsolnf  l9H|Klcldd 
dshliuaea).    IIIG.  Cifwiii  dWldsi  truHTUialf.    1117.  Seeikia of  ■  md,  ud  t  Hfuua  at- 
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clusters,  cymes,  or  heads.  Perianth  mostly  dry,  greenish  or 
brownish,  of  six  leaves  (sepals  and  petals)  in  two  series.  Staroens 
six,  or  three.  Ovary  free,  three-celled,  or  one-celled  from  the 
placentffi  not  reaching  the  axis ;  their  styles  united  into  one :  stig- 
mas three.  Capsule  three-valred,  few- or  many-seeded.  Albu- 
men  fleshy. —£x.  Juucus  (Bush). 

933.  Ord.  Gommflfnitei!  {the  ^HdertBort  Family),  with  usually 
sheathing  leaves ;  distinguished  from  other  Endogeos  (except  Alis- 
maceee  and  Trillium)  by  the  manifest  distinction  between  the  calyx 
and  corolla ;  the  former  of  three  herbaceous  sepals  ;  the  latter  of 
as  many  delicate  colored  petals.  Stamens  wz,  or  fewer :  antben 
with  two  separated  cells:  filaments  often  clothed  with  jointed 
hairs,  hypogynous.  Ovary  two-  or  three-celled ;  the  stylee  united 
into  one.  Capsule  few-seeded,  loculicidal.  Seeds  ortbotropous. 
Embryo  small,  pulley-shaped,  partly  sunk  in  the  apex  of  the  albu- 
men.—  Ex,  Commelyna,  Tradescaatia  (Spiderwon).  Mucilagi- 
nous plants. 

933.  Onl.  XfridtCCff.  Swampy,  rush-like  plants ;  with  ensiform, 
grassy  or  filiform  radical  leaves,  sheathing  the  base  of  a  simple 
scape,  which  bears  a  head  of  flowers  at  the  apex,  imbricated  with 
bracts.  Calyx  of  three  glumaceous  sepals,  caducous.  Petals 
three,  with  claws,  more  or  less  united  into  a  monopetaloua  tube. 
Stamens  six,  inserted  on  the  corolla ;  three  of  them  bearing  ex- 
trorse  anthers,  the  others  mere  sterile  filaments.  Ovary  one-celled, 
with  three  parietal  placentte,  or  three-celled  :  styles  partly  united: 
stigmas  lobed.  Capsule  many-seeded.  Seeds  ortbotropous,  albu- 
minous. —  Ex.  Xyris  (Yellow-eyed  Grass). 

934.  Ord.  ErioeauloaiceB  {the  Pipewort  Family).  Swampy  or 
aquatic  herbs,  with  much  the  aspect  and  structure  of  the  preced- 
ing; their  leaves  cellular  or  fleshy;  their  minute  flowers  (monce- 
cious  or  ditEcious)  crowded,  along  with  scales  or  hairs,  into  a  very 
compact  head:  the  corolla  leas  petaloid  than  in  Xyridaces;  the 
six  stamens  often  all  perfect ;  the  ovules  and  seeds  solitary  in 
each  cell.  —  Ex.  Eriocaulon. 

935.  Old.  CfpenCM  {the  Sedge  Family).  Stems  {culms)  usually 
solid,  ceespitose.  Sheaths  of  the  leaves  closed.  Flowers  one  in 
the  axil  of  each  glumaceous  bract.  Perianth  none,  or  of  a  few 
bristles.  Stamens  mostly  three,  hypogynous.  Styles  two  or  three, 
more  or  less  united.  Fruit  an  achenium.  Embryo  small,  at  the 
extremity  of  the  seed  next  the  hilum.  —  Ex.  Cyperus,  Scirpus, 
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Csrez.     Sedge'Granes.  —  The  papyrtu  of  the  Egyptians  i 
made  from  the  HUms  of  Cyperus  Papyrus. 


926.  Ord.  GnimlllCfB  {the  Gran  Family).  Steins  (aiJmt)  cylindri- 
cal,  mostly  hollow,  and  closed  at  the  nodes.  Sheaths  of  the  leayes 
split  or  open.  Flowers  in  little  spiketets,  consisting  of  two-ranked 
imhricated  bracts ;  of  which  the  exterior  are  called  glumes,  and 
the  two  that  immediately  inclose  each  flower,  palea.  Perianth 
none,  or  in  the  form  of  very  small  and  membranous  hypogynous 
scales,  from  one  to  three  in  oumber,<  distinct  or  united  (termed 
tquamul<B,  squamella,  or  lodicula).  Stamens  commonly  three : 
anthers  versatile.    Styles  or  stigmas  two;  the  latter  feathery, 


FIO.  IIIS.    Sclrpw  IrtqHtB,  irilh  lu  clutar  of  ipikdMK    1119.  A  k 
lugBd,  ibDitlng  lu  ndlmaniuj  parluiih  or  a  few  dantJcaliU  MmIh,  lu 
pIKllvlUit  ihn»c)gft«rl>:  a,  •KiloaiifihaaMd.abawl 
Canruu,  ndncad  Id  Ills  (lomn  nmncioiu.  tha  iwo  kin 
Willi  thgHunloUAUidiippar  |ili)IDue*pllE*,  oTLhaaiieofiulun.     US.  An 
luu  iplka,  wlib  tba  Sowar  (onalallDg  maratr  of  ibna  aununa)  In  lu  udL 
piKlllala  Ooinr,  wlih  lu  aeala  or  ImM ;  iha  orai;  Incload  la  ■  kind  el  mt 
(drdhI  tij  iba  uotoD  of  two  bnctlata.    t  IM.  CrnM-aMllaii  oT  [ba  parlgjolum ;  wlUi  Iba  pUUI, 
Dirittwli^ttaaaaad. 
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Fruit  ft  CBiyapsia  (607).  Embiyo  situated  on  the  outride  of  tbe 
f&rinaceoua  albumea,  next  the  bilurn.  —  Ex.  Agroalis,  Phletun, 
PoB,  Pestuca,  which  are  the  priocipal  meadow  and  pasture  gnusea : 
OryEa  (Rice),  Zea  (Maize),  Milium  (Millet),  Avena  (the  Oat), 
Triticum  (Wheal),  Secale  (Rye),  Hordeum  (Barley),  are  the  chief 
cereal  plants,  cultivated  for  their  farinaceous  seeds.  This  uniTer- 
aally  diffused  order,  ooe  of  the  largest  of  the  vegetable  kingdom, 
is  doubtless  the  most  important ;  tbe  floury  albumen  of  the  seeds, 
aod  the  nutritious  herbage,  constituting  the  chief  support  of  man 
and  the  herbivorous  animals.  No  uowholesome  properties  are 
known  in  the  family,  except  in  the  seeds  of  Lolium  temulenlum, 
which  are  deleterious.  The  Ergot,  or  Spurred  Eye,  forma  do  real 
exception  to  this  rule,  as  it  is  caused  by  parasitic  fungus.  —  Tbe 


stems  of  grasses  frequently  contain  sugar  in  considerable  quantity ; 

FIQ.  I IIB.  One-flomnd  IJ^kalK  or  lociuU  of  ALopneunu,  with  Ihg  fluma  Mimud. 
IW.  Sum,  wllti  Iha  glumia  na»>«d :  ui  mm  on  Ibg  back  of  tba  snui  piJo.  UK.  Ooa- 
flo««rad  iplkelM  or  u  Ainnli.  UW.  Plnil  of  >  Orui,  ibawloc  tbe  iwo  Ituiterj  ttlgaaM, 
■ad  Iha  two  hrpoffnoiu  aulai  or  «[uuaiilB  (nprHenlIng  the  parlwilb).  1130,  Tm-Bomnd 
iplkalN  of  in  ATHii ;  irllb  tbi  (lumH  iprHdinc.  1131.  On  of  tba  Amnn  wllb  lu  paha; 
Ibo  dUrtor  pointed,  with  two  bHnlaa  oc  ciupa  (t  tbe  ipei,  lad  wKhibmt  aim  oa  tbe  back. 
1133.  Hui;  Soweteil  aplkelet  of  Otjurli  flultuuL  1133.  An  eDlargeit  ■epuvii  Daw«t  of  Itu 
mtat,  aaen  from  within,  ibowlng  Ibe  Iniw  flei,  ftc  I13«.  The  frntt  (cMTOpele)  of  tte 
WtaeU,  witb  10  oblique  eeetloo  Ihrougb  tbe  lauguiUHiu  of  the  anbTTO,  wblcb  la  aitaiiot  10 
the  ilbumea.  UK.  DetKbad  macnllleil  ambtro:  a,  ihi  lmperl«t  bwar  cotfledoa',  t,  !)• 
luge  cotjledon  ;  e,  the  plumule;  d,  Iha  rmdicla.  1138.  Tba  cairopala  of  tlanleuD)  (BariajV 
1137.  A  cniBawllaa.  1138.  A  lantcal  •eclkn,  ahswlni  tb*  anemaJ  emlrjro  ai  tbe  twa. 
lias.  tU«nlted  delacbad  ambcjo,  with  lu  tnad  cotrledon  and  tbe  {Cumuli.  IIW.  Ha* 
diafdilednnteileictlgaofibiaaaia:  a,  Um  fiiunula;  t,  the  ndieW. 
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especialljr  in  the  few  iostances  where  it  is  solid,  u  io  the  Vbize, 
and  more  largely  in  the  Sugar-Caoe  (Saccburum  officinarum), 
which  Bfibrds  the  principal  supply  of  this  article. 


Series  11.    Cbtttogakotts  ob  Flowbblbss  Plahts. 

Plants  destitute  of  proper  flowers  (stamens  and  pistils),  and 
propagBted  by  spores  instead  of  seeds  (101,  109). 

Class  in.    AcBosBMoDB  Plants. 

Vegetables  with  a  distinct  axis,  growing  from  the  apex,  with  no 
provision  for  subsequent  increase  in  diameter  (containing  woody 
and  vascular  tissue),  end  usually  with  distinct  foliage  ( 108). 

937.  Ord.  EqniwlUCa  {the  Horie-tail  FamUt/).  Leafless  plants ; 
with  striated,  jointed,  simple  or  „«  „„ 

branched  stems  (containing  ducts 
and  some  spiral  vessels),  which 
are  hollow  and  closed  at  the 
joints ;  each  joint  terminating  In 
a  toothed  sheath,  which  surrounds 
the  base  of  the  one  above  it.  In- 
florescence consisting  of  peltate 
scales  crowded  in  a  terminal 
spike,  or  kind  of  strobile :  each 
with  several  theca  attached  to  its 
lower  surface,  longitudinally  de- 
hiscent. Spores  numerous,  with 
four  elastic  club-shaped  bodies 
(of  unknown  use,  called  elaten) 
wrapped  around  them.  ■ —  Ex. 
Bquiselum.  The  epidermis  of 
Equisetum  hyemale  (Scouring 
Rush)  contains  so  much  sJlex 
that  it  Is  used  for  polishing.  ""  "" 

928.  Ord.  FUltM  {Ferns).    Leafy  plants ;  with  the  leaves  (Jronds) 


nmifDiflad.    114G,  IIM.  Spgtn  wiUi  lUun,  niU  m 
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spirally  rolled  up  or  circinate  in  vernation  (except  in  one  nib- 
order),  usually  rising  from  prostrate  or  Bubtemtnean  rootatoclu, 
sometimes  from  an  erect  arborescent  trunk  (Fig.  94),  and  bearing, 
on  the  veins  of  their  lower  surface,  or  along  the  margins,  the  sim- 
ple fnictificatioa,  which  consists  of  one-celled  spore-cases  (theea 
or  tparangia),  opening  in  various  ways,  and  discharging  the  na- 
merouB  minute  spores.  The  stalk  or  petiole  of  the  frond  is  temwd 
a  ttipe,  —There  are  three  principal  suborders,  via. :  — 


939.  Snbord.  PolypodtlUB.  Sporangia  collected  in  dots,  lines,  or 
variously  shaped  clusters  (sori  or  fntU-doU)  on  the  back  or  mar- 

FIO.  1147.  Aipleainm  (Cunptoaom)  (UiophjUuB]  (Wilklnf  Fani) ;  Iba  fiondi  notlDi,  ■> 
tha)'fi*lii<>al1r'>°.  U'l^^F^i'  IhtKhoccuprlnl  tha  nUculaud  Teioi  on  l)w  tmck.  lltfL 
DlTliion(plnnul«)i>fi(ii>iiilof  Aipld1um(Nephr»lluidIOold)aiium;  ibenHindiabKri  aiucliid 
to  Um  ilmpla  ve\nM,  mad  connd  with  to  Induiluo.  which  it  fulBUfld  iu  Uie  ualrv,  uid  opfliw 
■L  unund  iha  niuglD.  1149.  MignlBiid  ipmnglum  of  Ihli  difliioo  ol  ftrm,  wtih  tu  Hilk, 
ind  vLifLtc  ring  panl/  ■umaDdinf  ii;  which,  landing  to  itnightan  Itself  vhen  dry,  taan 
otn  tba  ivonnirium,  ihaddloi  Iba  mlnul*  ^una  (1160).  IISI.  ScUuaa  pullla  of  absvilb* 
BUdiml  m\v,  with  BimpJv  and  ^itdar  radical  Laaraa;  (ha  eontjactad  lattlla  fniaH  phiaala. 
IISO.  A  dWIilon  (pinna)  of  tha  tanlla  frond,  iiu^l9ed,  thowtng  the  aaaile  iponngia  occnpf' 
ln(  il«  lawar  aarbea.  1153,  Ooaortha  ipaniifU  [Mnmignlllad;  ihaf  bavana  pnparrUfi 
tod  opan  hf  a  loitfltudlnal  cLdA,  1164.  Ophioflaaaum  Tul^um  (Addar-Udfua) ;  Iba  tponB. 
(la  formliig  a  tm-ranliod  aplfca  on  a  Innafomnad  and  conlraclad  rroad :  a,  pankw  of  tha  a^k* 
•nlariad,  abmirliii  ihe  cociacaooa  ipofuita,  daatituta  of  ■  riii(,  lot  ofiealng  uuanra^. 
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gins  of  the  frond  or  its  diviaiona,  stalked,  eellular-ieticulated,  the 
fltalk  running  into  a  vertical  incomplete  ring,  which  by  straighten- 
ing at  maturity  ruptures  the  aporangium  transversely  on  the  inner 
aide,  dischai^ing  the  apores.  Pruit-dots  ol\en  covered,  at  least 
when  young,  by  a  membrane  called  the  ineolacre,  or  induaium. 

930.  Saberd.  OimnndiBta.  Sporangia  variously  collected,  desti- 
tule  of  any  proper  ring,  cellular- reticulated,  opening  lengthwise  by 
a  regular  slit 

931.  Sabord.  OphiogloiltB.  Sporangia  spiked,  closely  sessile, 
naked,  coriaceous  and  opaque,  not  reticulated,  destitute  of  a  ring, 
opening  by  a  transverse  slit  into  two  valves,  discharging  the  very 
copious  spores  which  appear  like  floury  dust.  Fronds  straight, 
never  rolled  up  (circinote)  in  the  bud  I 

932.  Ord.  Lj'topodilCtS  (the  Ciub-Most  Family).  Plants  with 
creeping  or  erect  leafy  stems,  mostly  branching;  the  crowded 
leaves  lanceolate  or  subulate,  one-nerved.  Thecs  aeasile  in  the 
axils  of  the  leaves,  sometimes  all  collecteiJ  at  the  summit  under 
leaves  which  are  changed  into  bracts  and  crowded  into  a  kind  of 
ament,  one-celled,  or  rarely  tvo-  to  three-celled,  dehiscent,  con- 
taining either  minute  grains,  appearing  like  fine  powder,  or  a  few 
rather  large  sporules ;  both  kinds  often  found  in  the  same  plant, 

—  Er.  Lycopodium  (Club-Moss,  Ground  Pine,  Fig.  89-93),  Psi- 
lolum.— Appended  to  this  family,  rather  than  to  the  next,  is  the 

933.  8Bbord.  liOttlMS  {tke  Quillworl  Family),  consisting  of  a 
few  acaulescent  submersed  aquatics,  with  sporangia  in  the  axils* 
and  immersed  in  the  inflated  base  of  the  grassy  stalk-like  leaves. 

—  Ex.  Isoetes. 

934.  Ord.  Hjdroplciidei.  Aquatic  crjrptogamous  plants  of  diverse 
habit,  with  the  fructification  borne  at  the  baaes  of  the  leavea,  or 
on  submerged- branches,  consisting  of  two  sorts  of  organs,  cod< 
lained  in  indehiscent  or  irregularly  bursting  involucres  (^torif 
earpt)  : —  comprising  the 

935.  Sabord.  ManiltfC  {the  P^perwort  Family) ;  with  creeping 
stems  ;  the  leaves  long-slalked,  circinate  in  vernation  ; — of  four 
obcordate  leaflets  in  Marsilea,  or  filiform  and  destitute  of  leaflets 
in  Pilularia  {the  Pillwort). 

936.  Snbofd.  StlvlllieB ;  which  are  free  floating  plants,  with  al- 
ternate and  sometimes  imbricated  sessile  leaves;  the  fructifica- 
tion home  on  the  stem  or  branches  underneath.  —  Ex.  Salvinia, 
Azdia.      ■ 
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Class  IV.    Aho?bttss. 

Yegetables  composed  of  parenchyma  alone,  with  acrogenous 
grovth,  usually  with  distinct  foliage,  sometimes  the  stem  and  foli- 
age confluent  into  a  frond  (105,  Fig.  87,  66). 

937.  Ord.  MBKi  (Mouet).  Low,  tuned  plants,  always  widi  a 
stem  a«d  distinct  (sessile)  leaves,  producing  spore-caBes  which 
mostly  open  by  a  terminal  lid,  and  contain  simple  spores  alone. 
Reproductive  organs  of  two  kinds :  —  1,  The  sterile  flower,  consist- 
ing of  numerous  (4-20)  minute  cylindrical  sacs  (antheridia) 
which  discharge  from  their  apex  a  mucous  fluid  filled  with  oval 
particles,  and  then  perish.  2.  The  fertile  flower,  composed  of 
numerous  (4—20)  flask-like  bodies  (pislilUdia),  each  having  a 
membranous  covering  {calyplra),  terminated  by  a  long  cylindri- 


cal funnel -mouthed  tube  (style).    The  ripened  pistillidium  (sel- 

FIO.  IIK.  Moliini eiifplditan,  11S6.  TbgcslTptndMacbadfrom  Ihs  tbao.  1167.  Bhf- 
nlBadihau,  from  which  iha  lid  or  Dptrcnluin,  USS,  bubMa  nmcnd,  ibowtnf  iht  padMom. 
IIGS.  A  portion  nflhauinuluigiDigniagil.  1160.  A  portion  oT  Iba  ooln  uid  InnH  perlHom^ 
hl(hlf  mignlSoL  11SI.  Tba  B^iUod  EawEn  In  t  foant  lUU,  «oaliI)n(  of  the  ^oanf  thicB 
fi ,  and  Um  uUitrtdli  } ,  with  kxh  cbUhIit  Jalnied  ihmdi  iataiTDuad ;  tbg  loTolsenl 
■■TM  cut  ■wif.  tISS.  Oua  of  tba  antharidii  mora  iruwnlfitd  (wllk  iba  accompufliii  callslu 
thrawli},  opaalng  It  Iba  ipai.  and  dlacbiirgln(  iba  IbTlIta.  11S3.  Srnpis  pariilima  of  Splich- 
quid;  tba  taatb UDlud  in  |sln.  IIM.  DonHa  parlalome  otEjtaam;  Ihaulorkc  iprndios. 
116S.  FkrKomllrlnn  (Gjmnoatoiinini}  pTrllinraa.  lieS.  IUH]rpir>,daUcbadfn)iii  11B7,  Ik* 
llMca,    lltS.  TtaaUdiamoTadltamUMarlllca,  whkhladaatJiiuaafip«Moid>. 
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doin  mora  than  one  in  a  flover  mBturing)  becomes  the  capsule, 
which  is  rareljr  indehiKent  or  splitting  by  four  longitudiaal  slits, 
but  usually  opens  by  a  lid  (opereu/tun)  :  beneath  the  ltd  and  aris- 
ing from  the  mouth  of  the  capsule  are  commonly  either  one  or 
two  rows  of  rigid  processes  (collectively  the  peritlome),  which  are 
always  some  multiple  of  four :  those  of  the  outer  row  are  called 
Ueth,  of  the  inner,  cilia.  An  elastic  ring  of  cells  (onnkliu)  lies 
between  the  rim  of  the  capsule  and  operculum.  The  powdery 
partiflks  fiUiog  the  capsule  are  ipores.  The  thread-like  stalk  {ptd- 
vxl)  supporting  the  capsule  is  inserted  into  the  elongated  lonis 
{vaginuia)  of  the  flower.  The  pedicel  continued  through  the  cap- 
sule forms  the  columella :  enlarged  under  the  capsule  it  sometimes 
forms  an  apophgrit.  The  calyptra  separating  early  at  its  base  is 
carried  up  on  the  apex  of  the  capsule ;  if  it  splits  on  one  side,  it  ia 
bood-shaped  or  cuadliform,  if  not,  it  is  mitre-shaped  or  milriform. 
Intermixed  with  the  reproductive  organs  are  jointed  filaments  (pof- 
opAyiM).  The  leaves  next  the  antberidia  are  called  perigonial 
leaves,  those  around  the  pistillidia  or  pedicel  the  perichatiat  leaves. 

936.  Srd.  HepalieC  (LiverworU).  Frondose  or  Moss-like  plants, 
of  a  loose  cellular  texture,  usually  procumbent  and  emitting  root- 
lets from  beneath ;  the  calyptra  not  separating  from  the  base,  but 
usually  rupturing  at  the  apex;  the  capsule  not  opening  by  a  lid, 
containing  spores  usually  mixed  with  elaters  (which  are  thin, 
thread-like  celts,  containing  one  or  two  spiral  fibres,  uncoiling  elas- 
tically  at  maturity).  Vegetation  sometimes  frondoie,  i.  e.  the 
stem  and  leaves  confluent  into  an  expanded  leaf-like  mass-,  some- 
times foliaceoia,  when  the  leaves  are  distinct  from  the  stem,  as  in 
true  Mosses,  entire  or  cleft,  two-ranked,  and  oflen  with  an  imper- 
fect or  rudimentary  low  (amphigaalria')  on  the  under  side  of  the 
stem.  Reproductive  organs  of  two  kinds,  viz.  imlheridia  and 
pistillidia,  much  as  in  Mosses  (937),  variously  situated.  The 
matured  pistillidium  forms  the  capsule,  which  is  either  sessile  or 
borne  on  a  long  cellular  pedicel,  and  dehiscent  by  irregular  open- 
ings, by  teeth  at  Its  apex,  or  lengthwise  by  two  or  four  valves.  A 
columella  is  rarely  present.  The-  perianlk  is  a  tubular  organ  in- 
closing the  calyptra,  whicK  directly  includes  the  pistillidium.  Sur- 
rounding the  perianth  are  involueral  leaves  of  particular  forma. 
The  antberidia  in  the  foliaceous  species  are  situated  in  the  axils  of 
perigonial  leaves. 

939.  8al)ord<  UulBCCfe  are  chiefly  floatiug  plants,  rooting  from 
43 
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beneath,  with  the  fructification  imroened'in  the  frond,  the  sporao- 
gium  buratiog  irregulariy.    No  involucre  tior  elaten. — Ex.  Biccta. 


940.  Snboid.  AtlboMIOltn.  TerreBtrial  frondose  annuals,  with 
the  fhiit  protruded  from  the  upper  surface  of  the  frond.  Perianth 
Done.  Capsule  pod-like,  one.  to  two-valved,  with  a  free  central 
cfflUmella.    Elatera  none  or  imperfect. 

941.  Snboid.  MuebutiKCS  {true  LivenoorU).  Frondose  and 
terrestrial  perennials,  growing  in  wet  places,  with  the  fertile  recep- 
tacle raised  on  a  peduncle,  capitate  or  radiate,  bearing  pendent  ca- 
lyptrate  capsules  from  the  under  side,  which  open  variously,  not 
four-valved.    Etaters  with  two  spiral  fibres. 

942.  8lbori.  JugtnBUDiBeen.  Frondose  or  mostly  foliaceous 
plants;  with  the  sporangium . dehiscent  into  four  valves,  and  the 
spores  mixed  with  elaters  (Fig.  84-86). 


Class  V.    Thallophytes. 

Vegetables  composed  of  parenchyma  alone,  of  congeries  of  cells, 
or  even  of  separate  cells,  often  vaguely  combined  in  a  thallut,   , 
never  exhibiting  a  marked  distinction  into  root,  stem,  and  foliage, 
or  into  axis  and  leaves  (94-104,  106).     Fructification  of  the 
most  simple  kinds.     (Spores  often  termed  aporvlu  or  Mporidia.) 

943.  Old.  LiehfllH  {Lichens)  form  the  highest  grade  of  this  lower 
series.    They  consist  of  flat  expansions,  which  are  rather  crusta- 

PtQ.  UN,  1I7D.  Bluli  nuuu,  abint  tha  nilunl  •!».  IITI.  HignlSsd  Klion  Ihroogb 
Ibt  ibkknBK  al  tha  (rDnd,  ibowliig  iba  IminanBd  iiicinngli ;  ou  of  wUck  hM  bsiM  itomfli 
■ad  lift  m  ><Ru  UTltf.    Wli.  AUfnlltad  (inlcal  hcUod  ofoiHar  iIm  ■ponmilt,  iriUi iha 
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ttaoB  thua  foliaceous.  TliBir  atructura  is,  u  it  were,  anticipated 
in  Biccia,  above  inentioned  (Fig.  1 170).  They  are  by  no  means 
(i^uatic,  hoireyer,  but  grow  on  the  ground,  on  the  bark  of  trees,  or 
on  the  surface  of  exposed  rocks,  to  which  they  cling  by  their  lower 
surface,  often  with  the  greatest  tenacity,  while  by  the  upper  they 
draw  tbeir  nourishment  directly  from  the  air  (Pig.  1174).  The 
fructificatioa  is  in  cups,  or  tkieldt  {tg>olheeia.  Pig.  1176),  resting 
on  the  surface  of  the  thallus,  or  more  or  less  immersed  in  its  sub- 
stance (Pig.  1176),  or  else  in  pulverulent  spots  scattered  over  the 
surface.  A  magnified  section  through  an  apothecium  (Pig.  1176) 
brings 'to  view  a  stratum  of  elongated  sacs  (lun),  with  filaments 


V^O^ 


Z^bJ^£(%\ 


intermixed,  as  seen  detached  and  highly  magnified  at  Fig.  1177. 

FIG.  1174.  A  itona  upm  whVch  nranl  Lkhani  tn  gnwlnf,  nicb  u  (pu*ln(  fmn  Ml  to 
rlfhl)  Pumllt  conipgnB,  Siku  mlnliu,  LKldan  giogTipliiu  (n  i»Ugd  (inin  lu  puclM*  !•■ 
HmtiUaf  UwoMllMorulinda,  fcc.  oom^B),  Ac,  &C.  IITS,  Plea  of  tbn  ItMllua  of  Finw 
|ii  coDiparM,  irlih  i  •actloa  Ibmifh  ui  ■pollwcliim.  11TB,  Saclltn  of  ■  lEwllar  ipiKlMCliini, 
mon  lucaltiid.  1177.  Two  kkI  wid  tbalr  conuinad  ipam,  with  llu  ucompurlnf  flbunsDU, 
klfhlf  DUfniatd.  1I7B.  SMifen  of  ■  ptece  of  tba  Ihillua  of  SUcu  minliu,  ibovlnf  Uia  Im- 
D»nHl  kpcrtbacl*.    1L?9.    "-■•-■'-  --rrlnrr.  '■r-r'n  111  friirtllriTI  ii  In  niiiiliirl  mil  iii i 
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Each  aaau,  <»  sac,  contaioB  a  few  spoTC*,  which  divide  into  two, 
bul  generaUif  remaia  coherent.  The  vegetaiion  of  aome  I^ichena 
rises  iDto  a  kind  of  axis,  aa  id  iha  Cladoaia  coccioea,  which 
abounda  on  old  1<^  (Pig.  1179) ;  or  in  Cladooia  TangiferiDa,  the 
Reindeer  Moss ;  also  in  Usnee,  where  it  forms  long,  gray  tufta, 
hanging  from  the  boughs  of  old  trees  in  our  Northern  forests. 

944.  Ord.  Fungi  {Mtuhroowu,  Movidi,  ifc.)  are  parasitic  (137) 
Flowerless  plants,  either  in  a  strict  sense,  as  living  upon  and  draw- 
ing their  nourishment  from  living,  though  more  commonly  lan- 
guishing, plants  and  animals,  or  else  as  appropriating  the  oi^anized 
matter  of  dead  and  decaying  animal  and  vegetable  bodies.  Hence 
they  fulfil  an  office  io  the  economy  of  creation  analt^us  to  that 
of  the  infusory  animalcules.  Those  Fungi  which  produce  Rust, 
Smut,  Mildew,  &.c.  are  of  the  first  kind  ;  those  which  produce 
Dry-rot,  &c.  hold  a  somewhat  intermediate  place ;  and  Mush- 
rooms, Pufi'-balls,  &.C.  are  eiamples  of  the  second.  Fungi  are 
consequently  not  only  destitute  of  any  thing  like  foliage,  but  also 
of  the  green  matter,  or  chlorophyll,  which  appears  to  be  essential 
to  the  formation  of  organic  out  of  inorganic  mattef  (87, 135, 344). 
A  full  account  of  the  diversified  modifications  of  structure  that 
Fungi  display,  and  of  the  remarkable  points  in  their  economy, 
would  require  a  volume.  We  will  notice  three  sorts  only,  which 
may  represent  the  highest,  and  nearly  the  lowest,  forms  of  this 
vast  order  or  class  of  plants.  They  all  begin  (in  germination  or 
by  o^ets)  with  the  production  of  copious  filamentous  threads,  or 
series  of  attenuated  cells,  appearing  like  the  roots  of  the  fungus 
that  arises  from  them  (Fig.  1179,  1181),  and  to  a  certain  extent 
performing  the  functions  of  roots  :  this  is  culled  the  mycelittin,  and 
is  the  true  vegetation  of  Fungi.  The  subsequent  developments 
properly  belong  to  the  fructification,  or  are  analogous  to  tubers, 
rluzomas,  &c.  In  one  part  of  the  order,  the  masses  that  arise,  of 
various  definite  shapes,  and  often  attaining  a  large  size,  contain  in 
their  interior  a  multitude  of  aid  (Fig.  1180),  inclosing  simple  or 
double  sporules,  just  as  in  Lichens.  The  esculent  Morel  has  this 
kind  of  fmctification ;  as  well  as  the  less  conspicuous  Sphieria 
(Fig.  1179),  which  is  in  other  respects  of  a  lower  grade.  The 
Agarics,  like  th?  Edible  Mushroom  (Fig.  1181),  present  a  differ- 
enl  type.  Rounded  tubercles  appear  on  the  mycelium  ;  some  of 
these  rapidly  enlarge,  burst  an  outer  covering  which  is  left  at  the 
base  (the  voha,  or  wrapper),  and  protrude  a  thick  stalk  {liipt*). 
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bearing  at  its  Bummit  a  rounded  body  that  soon  espaoda  into  the 
piteuM,  or  cap.    The  lamella^  or  gilU  {ktfmatwm),  that  occupy  its 


lower  surface,  consist  of  parallel  plates  (Fig.  1183),  which  bear 
naked  sponiles  over  their  whole  surface.  A  careful  inspection 
with  the  microscope  shows  .that^  these  sporules  are  grouped  in 
fours ;  and  a  view  of  a  section  of  one  of  the  gills  shows  their 
true  origin  (Pig,  1183).  Certain  of  the  cells  (btuidia),  one  of 
which  is  shown  more  magnified  at  Fig.  1184,  produce  four  small 
cells  at  their  free  summit,  apparently  by  gemmation  and  constric- 
tion :  these  are  the  gporvles.  It  is  maintained  that  the  lai^r  in- 
termingled cells,  (of  which  one  is  shown  at  Fig.  1183,  «,)  filled 
with  an  attenuated  form  of  matter,  are  the  analogues  of  stamens. 
The  lowest  Fuogi  produce  from  their  mycelium  only  simple  or 
braochiag  aeries  of  cells  (Fig.  74-76).  The  mycelium  itself 
either  ramifies  through  decaying  organized  matter,  as  the  Moulds, 

Pia  IITS.  e^barla ronllL  IIBO.  AkI  ftomlu  lourior,  conuinlnf  iponi;!*,  hlfUr  iimt 
■dSad.  IISI.  AfuiciucampHtri*,  IbaEdiNaMtuhrwRi,  inlumrtminaiM.  ItBL  Sscilon 
Ikroufh  tbt  pllwu,  lo  dliplif  the  gllii.  1183;  A  nuU  pi«c  at  ■  illu  Utmugh  cln  iMckn«> 
oronaaribaglUa.  ntfnllladi  ibaniDf  tbi  ■pMvbarnxn  Douramllof  HllululIiDr  both 
mubam.    118L  OD*o[llMip«niL>-biulii|Caili,.wlUinoHnib>CMilUmUk  Don  mafniacd. 
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&c. ;  or  else,  like  the  Blight  and  Rust  in  grain,  and  the  Muaear- 
dine  so  destructive  to  silkworms,  it  attacks  and  spreads  throughout 
living  tissues,  ofteti  producing  great  havoc  before  its  fructificatioa 
is  revealed  at  the  surface.  Sometimes  the 
last  cells  of  the  stalks  swell  into  a  vesicle, 
in  which  the  mbute  sporules  are  formed; 
as  in  Fig.  74.  Sometimes  the  branchiog 
stalks  bear  single  sporules,  like  a  bunch  of 
grapes  (Fig.  76),  or  long  series  of  cells,  or 
sporules,  in  rows,  like  the  beads  of  a  neck- 
lace (Fig.  75),  which,  falling  in  pieces,  are 
the  rudiments  of  new  plants. 

945.  Ord.  CllUiecs.  The  Chara  Family 
consists  of  a  few  aquatic  plants,  which  have 
all  the  simplicity  of  the  lower  Aigs  in  their 
cellular  structure,  being  composed  of  sim- 
ple tubular  cells  placed  end  to  end,  and  of- 

.  ten  with  a  set  of  smaller  tubes  applied  to  the 
surface  of  the  main  one  (Fig.  1186).  Hence 
they  have  been  placed  among  Algie.  But 
their  fructification  is  of  a  higher  order.  It 
consists  of  two  kinds  of  bodies  (both  shown 
in  Fig.  1186),  of  which  the  smaller  (and 
lower)    is  probably  a   maaa  of  antheridia 

of  curious  structure,  while  the  upper  and  larger  is  a  sporocup, 
formed  of  a  budding  cluster  of  leaves  wrapped  sround  a  nucleus, 
which  is  a  spore  or  sporangium.  The  order  should  have  been  in- 
troduced between  the  EquisetaceiB  (to  which  the  verticillate  braneb- 
es  show  some  analogy)  and  the  Hydropterides,  which  they  some- 
what resemble  in  fructification.  They  are,  of  all  plants,  those  vtt 
which  the  rotary  movement  of  the  contents  of  the  cells  (36,  which 
has  bee^  called  CyclosU)  may  be  most  readily  observed. 

946.  Ord.  Alga  {Seaweeds).  This  vast  order,  or  rather  class, 
consists  of  aquatic  plants  ;  for  the  most  part  strictly  so,  but  some 
grow  in  humid  terrestrial  situations.  The  bigheet  forms  are  the 
proper  Seaweeds  ( Wrack,  Tang,  Otdse,  Tatigle,  Sic.)  ;  "  some  of 
which  have  stems  exceeding  in  length  (although  not  in  diameter) 

FIO.  use.    BruKhortlMCOd>n»DC)Hn,i«i1rilx  nUDial  aln.    UfiS.  A  portloB  nufol. 
fltd,  abowlnc  tba  luenJ  lubu  Incloalnf  a  lujg  cnilml  ana  (■  porUon  man  iD>(Eified  u 
■Ixt  a  *|vra.  liivHisd  b;  ■  hi  o[  Wbei  iwbud  apintljF  maoi  11;  lud  wlUi 
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tke  trunks  of  tbe  tallest  forasMrees,  whik  otbera  have  leaves- 
(Jrotidt)  which  rival  in  expansion  those  of  the  Palm.^'  "  Others 
aguD  are  so  minute  as  to  be  wholly  invisiUe,  ezoept  in  inasees,  to 
tbe  naked  eye,  and  require  the  highest  powers  of  our  microscopes 
to  ascertain  their  form  and  structure."  Some  hare  the  dlstiaclion 
of  stems  and  fronds ;  others  show  simple  or  branching  solid  stems 
only ;  and  others  flat  foliaceous  expansions  alone  (Fig.  82),  either 
green,  olive,  or  rose-red  in  hue.  From  these  we  descend  by  suc- 
cessive gradations  to  simple  or  branching  series  of  cells  placed  end 
to  end,  such  as  the  green  Confervas  of  our  pools,  and  many  marine 
forms  (Fig.  81) :  we  meet  with  congeries  of  such  cells  capable  of 
spontaneous  disarticulation,  each  joint  of  which  becomes  a  new 
plant,  so  that  the  organs  of  vegetation  and  of  fructification  become 
at  length  perfectly  identical,  both  reduced  to  mere  cells;  and 
finally,  as  the  lost  and  lowest  term  of  possible  vegetation,  we  have 
the  plant  reduced  to  a  single  cell,  giving  rise  to  new  ones  in  its 
interior,  each  of  which  becomes  an  independent  plant  (94-99). 

947.  The  fructification  of  Algee  exhibits  four  principal  varieties. 
In  the  great  division  of  olive-brown  or  olive-green  proper  Sea- 
weeds, the^EUNOSPEKHBX  of  Harvey,  the  fructification  forms  tu- 
bercles immersed  in  the  tissue  of  the  summit  of  the  branches  of 
the  frond  (Fig.  11S8- 1191),  which  are  filled  with  a  mass  of  sim- 
pie  spores  with  filaments  intermixed  (1191),  invested  by  a  proper 
membranous  coat,  and  finally  escaping  from  the  frond  by  a  minute 
orifice.  The  beautiful  red-colored  Seaweeds,  or  Rbodosfeembje, 
exhibit  two  kinds  of  spores ;  one  lai^,  simple,  superficial,  and  re- 
sembling those  above  described,  except  that  they  have  no  proper 
integument ;  the  others,  dispersed  through  the  interior  of  the  frond, 
are  formed  four  together  in  a  mother  cell.  The  bright  green  se- 
ries, or  CHLOoosFBRiiiBit,  have  tbe  whole  green  contents  of  certain 
cells,  or  of  some  part  of  (be  cell,  (as  in  Vaucberia,  Fig.  71,  7S, 
467,  and  in  Conferva  vesicate.  Pig.  474,  &c.,)  condensed  into  a 
spore,  in  some  of  the  ways  already  described  (95-  101),  or  else 
they  result  from  the  conjugation  of  two  cells  (103,  Fig.  78-81), 
This  conjugation  occurs  throughout  in  the 

948.  Sobord.  DfSmJditS,  which  are  microscopic  and  infusory  green 
Algffi  of  single  cells  (Fig.  77-80)  often  of  crystal-like  forms,  in- 
vested  with  mucus,  and  belonging  to  fresh  water.  They  muUiply 
lately  by  division,  but  propagate  only  by  conjugation.  Many  of 
them  have  long  been  claimed  for  the  animal  kingdom,  or  esteemed 
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of  ambiguoua  nature,  on  account  of  the  free  morements  they  ex< 
hibil  (661) ;  but  these  are  nearly  as  well  marked  in  Oscillaria,  &.c. 
(Fig.  66).  More  ambiguous  still,  and  on  the  lowest  coafiaes  of 
the  vegetable  kingdom,  are  those  minute  vegetables,  as  they 
doubtless  are,  which  coDBtitute  the 


# 

:• 


949.  SobUTd.  Oillomaute-  These  essentially  differ  from  the  last 
in  the  brown  instead  of  green  color  of  their  contents,  in  the  sili- 
ceous and  durable  nature  of  their  celUwall,  and  in  being  natives  of 
salt  instead  of  fresh  water.  Their  roovements,  as  they  break  up 
from  their  connections,  are  still  more  vivid  and  varied.  Some  are 
fixed  (Fig.  1207)  ;  ethers  are  free.  Some  are  extremely  minute ; 
others  consist  of  clusters  of  cells  of  considerable  »ze. 

FIO.  Iiae.  SuRiiBlisfihe  frond  or  FucuiTHiculrmu.  IIBB.  SMlkn  or  ouorUia  nupu- 
cIbi.  Iieo,  Oik  of  ths  ennui nad  globulH,  1191.  Spant  ind  jolDlod  fliuuau  of  nWh  Iha 
gMnlH  in  urmpoHd.  una.  DoIhwI*  Le  Priwrtl.  11B3.  Hh  (IwUa  pluL  IIH.  Hi(b1- 
Aad  ponloD  of  tba  drtlla  frond.  1196.  Ponloo  of  tb*  nnia,  more  mifnlfled,  gtwvlnf  iuilmi* 
lioiii  Ihe  mldriti  lo  Ihs  dufiId.  A.  Tbsci,  opgned,  with  Iha  ■pom  tlSG.  Ponloa  of  i)* 
iiMwork  oT  HTdrodjcUon  uttlculMum.  1 197.  A  mcniftgd  joIbI,  Ellol  villi  Ibt  grseo  mUUt 
whtcli  daialopH  into  ■  Bin  pliM,  llM.  Singh  flUiaat  of  TyoduMw  cniciui,  ■bcmliif  tbt 
■urataiiwl  bodtH,  anTilaiHl  In  iDucui.  Iim.  Two  fliunnu  of  Ihe  KiiHiinlud  ildsbjnk. 
laOO,  Tuicberi* gamlmu,  In  fRiiL  B.  ViMciilu  ncuplulH,  SElug«L~Tlia  nndning  Of 
urea  nprwanl  HHiia  e(  Ihe  amlilguoiia  Dlatoiniicas,  ISOI,  Ganluin  ^uicuni,  DfEhnnberi, 
KbolMnkilticongariaaDfinlniilculaa;  wMla  Miyan  hMidMribxd  It  u  an  Alji.  C.  Clotu- 
rlum  LuBidti  «aiw)l]i  flUadniUi  deulnfgrseoclobulsa:  a,  iha  parfect  i>i(«>tilg ;  b,  ittoanw, 
■apantlni  Inu  two  tif  apoaltneoui  dirlalan ;  e,  an  Indirldual  n«ltin(  from  Ihl*  aponunaooa 
dirlalon,  itaveloplng  a  avcond;  d,  two  IndJTiduaU  conjugalalr  unlifld;  tba  Graen  tmaiivr  «0 
eallic1adlnlhaimlllng)[lobula.  ISOa.  BvHUum  Ftclan.and  1908,  K,Cnii-MalluiiflK  IWL 
A  DWioma,  bnaklng  up  Into  Hpaiui  ladlchliul*.  laoe.  A  PnclUvlh  I^Oa  Htridiaa  dcc«- 
Ina,  dual  and  aida  ilawa.    1907.  Eehiialla  Jatallaw ;  parhapa  a  group  of  anlmaloilei. 
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Or  THE  SlQHI  UCD  ABBRtTIATIOn  EHPLOTED  IH  BoTAHICAL  WittTtllSa. 

LiNNxtia  adopted  the  fbDowiog  aigns  foi  dengnating  the  duiaiion  of  a 

©  Ad  aoDua]  plant. 

g  A  biennial  plant. 

^  A  perennial  herb. 

Ij  A.  ahrub  or  tree. 

Among  the  signs  lecentl;'  introduced,  the  following  have  come  into 
general  oae:  — 

Q  A  nHHHicarpio  plant,  whether  annaal  or  biannisl. 

CO  An  annual  plant. 

9  A  biennial  plant. 

^  A  perennial  herb. 

Il  A  plant  with  a  woody  stem. 

g  A  Btaminate  dower,  or  plant. 

9  A  pistillate  flower,  or  plant. 

t}  A  perfect  dower,  or  a  plant  bearing  perfeet  flowera. 
!  Tbe  excbmation  point  is  employed  as  tbe  eoiuiurpan  of  the  not* 
of  interrogation.  When  it  follows  the  sania  of  an  author  app«nded 
lo  the  name  of  a  plant,  it  imports  that  an  authentio  specimen  of  tbe 
plaet  in  question,  under  this  name,  has  been  examiaed  by  the  writer : 
when  it  is  appended  to  a  locality,  it  signifies  that  tbe  writer  has  aeen 
or  collected  epecimene  of  the  plant  firnm  that  locality,  Jbc. 

1  The  note  of  interrogation  is  similarly  employed  is  ease  of  doubt  or 
nnoertaiaty;  and  is  affixed  either  to  a  geneiio  er  speoiGB  name,  or 
lo  that  of  an  author  or  locality  dted. 

•  Aa  used  by  De  Candotle,  indicates  that  a  good  description  is  foond 
at  the  rderence  to  which  it  is  appended.    It  ia  not  in  oommon  use. 
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'  ThoM  abbreTiUioDi  of  the  Dames  of  orgmna  which  are  Mmmonly  eot- 
[tloyed,  such  u  Cat.  for  calys.  Cor.  for  eoroUa,  FI.  tot  flower,  fV.  far 
Ihiit,  OfK.  for  genoB,  J^.  for  habitat,  A^.  for  heibarium,  Bori,  for 
garden,  Mtu.  (at  Muaeam,  Ortf.  for  order.  Rod.  (Radii)  for  root,  ^r.  fitr 
tjaonfmj,  ^.  ot  <^>ee.  for  epeoiea,  For.  for  miety,  &«.,  aaroelj  rttqaire 
esplaDation. 
V.  ap.  denotee,  is  geoeial  temu,  that  the  writer  has  aeeo  the  plant  nn- 

dei  consideratiOD. 
V.  1.  c  ( Vidi  tkeam  cmlt^a),  that  a  dried  Bpeeimea  of  a  cdliTited  plant 

has  been  examined. 
V.  a.  a.  ( ViJi  ticcam  tponUmoBn),  thai  'a  diied  specimen  of  the  wild 

plant  haa  been  examined. 
T.  V.  e.  (  Vtdi  mvam  aiitam,),  that  the  Unog  colliTated  plant  haa  been 


V.  V,  a.  ( Vidi  meam  tpontmtmi),  that  the  wild  plant  has  been  examined 
in  a  Uf  ing  atale. 

The  names  of  authors,  when  of  more  than  one  syllable,  are  commonly 
abridged  by  writing  the  first  syUable,  and  the  first  letter  or  the  first  coo- 
sonant  of  the  second.  Thus,  Linn.,  or  L,,  ia  the  cnalomary  abbreviauon 
for  Linnsus ;  Jttu,  fbi  Juaaieu  ;  WilU.  for  Willdenow ;  MuM.  fur  Muh- 
lenberg; Michx.  for  Micbauz ;  Rich,  for  Richard;  De  Cand.,  or  DC, 
fat  De  Candolle  ;  Hook,  (at  Hooker ;  Endi.  for  Eodltcher  ;  Lindt.  for 
Lindley,  Sic. 

Or  CoLLioTiHB  AMD  Fhebibtinb  Plahti. 

1.  Tbi  botaniat's  'collection  of  specimens  of  plants,  preserved  by  drying 
under  preaanre  between  fblda  of  paper,  is  termed  a  Hortiu  Sicaa,  or  ocmt- 
monlj  an  Herbarivm. 

3.  A  complete  specimen  consiata  of  one  or  more  shoots,  bearing  the 
loBTW,  flowers,  and  frnit ;  and,  in  ease  of  hBrbaeeoua  plants,  a  portion  of 
the  root  is  also  desirable. 

3.  Fraita  and  aeeds  which  are  too  large  to  aocorapany  the  dried  sped- 
ntena,  or  which  would  be  injured  by  compresaion  with  seetiona  of  wood, 
&o.,  should  be  separately  preserted  in  cabinela. 

4.  Specimens  for  the  herbarium  should  be  gathered,  if  possible,  in  a  dry 
day ;  and  oarried  either  in  a  close  tin  box,  aa  is  the  common  practice,  «t 
in  a  strong  portfblia,  containing  a  quire  or  more  of  firm  paper,  with  a  few 
loose  sheets  of  blotting-paper  to  receive  delicate  plants.  They  bib  to 
be  dried,  under  strong  preeanre,  (bat  without  crushing  the  parts,)  between 
dryers  composed  of  six  to  lea  thicknesses  of  bibulooa  paper;  which  should 
be  changed  daily,  or  even  more  frequently,  until  all  the  moiature  is  ex- 
tracted ftam  the  plants ;  —  a  period  which  Taries  in  diSbrent  speciee,  and 
wiUi  the  season,  from  two  or  three  dsys  to  a  week.    All  delicate  speci- 
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mens  ahould  be  lud  io  Aided  eheeta  irf  thin  and  smooth  Utmlona  paper  . 
(uch  ag  tea-paper),  and  each  aheeta,  filled  with  the  freehly  {fathered 
Bpecimani,  are  to  be  (dsoed  betweeD  the  drjen,  and  ao  tranBTeTTed  endra, 
daj  anec  daj,  into  Dew  drjeTS,  without  being  diattitbed,  noli]  peifectl; 
drj.  This  preseiree  all  delicate  flowsra  betlei  thaa  the  ordinarj  mode  of 
shifting  of  the  papeia  which  are  in  immediate  contact  with  the  apecimena, 
and  also  saves  maob  time  nenally  lost  in  traasferring-  nnmerons  small 
^leciroena,  one  b;  one,  into  dry  paper,  oAeti  to  the  great  injur;  of  the  delir 
eate  oomlla,  &o. 

6.  The  dried  specimens,  properly  ticketed  with  the  name,  locality,  &e., 
ani^  arraeged  onder  ifaeit  respective  genera  and  ordera,  are  preserved  in 
the  berbaiiiini,  either  in  separate  double  sheets,  or  with  each  species  at- 
tached by  glue  or^theiwiae  to  a  half-sheet  of  atrong  white  paper,  with 
the  name  written  on  ooe  corner.  Theae  arq  collected  in  folioa,  or  elae  lie 
flat  (aa  is  the  beat  (node)  in  parcela  of  coavenient  size,  received  into  com- 
partments of  a  cabinet,  with  cloee  doota,  and  kept  in  a  perfectly  dry 

6.  The  seeds  of  plants  mtended  for  cnltiTstioD,  which  are  to  be  trans- 
ported to  a  distance  before  being  committed  to  the  earth,  shonld  first  he 
dried  in  the  sun,  wrapped  in  coarse  paper,  and  preserved  in  a  dry  state. 
They  abonld  not  be  packed  io  close  hoses,  at  least  so  long  as  there  is  dan- 
ger of  the  retention  of  moiature. 

7.  Roots,  ahmba,  &,c.,  demgned  for  coltintion,  ahould  be  taken  from 
the  gronnd  at  the  close  of  their  annnal  vegetation,  or  early  in  the  spring 
before  growth  recommencea,  and  packed  in  ancceaaiTe  layers  of  slightly 
damp  (but  not  wet)  Peat-moaa  (Sphagnam).  Snoculent  plants,  however, 
such  as  Cacti,  may  he  packed  in  dry  aand. 

8.  Plania  in  a  growing  aiale  can  only  be  safely  tranaported  to  a  ooemd- 
eiable  distance,  eapecially  by  sea,  in  the  closely  glazed  caaea  invented  by 
Mr.  Ward  ;  *  where  they  are  provided  with  the  reqniute  moisture,  while 
they  are  fully  exposed  to  the  light. 

■  On  the  Qrowth  of  Plants  in  Qoaely  Glased  Cases,  by  S.  B.  Ward, 
F.  L  S.,  London,  1842 — Ed.  3.  IBS3. 


,y  Google 


INDEX 


AND    aSNBBAL 


OF    BOTANICAL    TE8NS. 


Abhnriuioiu,  BIS. 

Abietme«,  471. 

Abonion,  346.  363. 

Abortive  aUmena,  391. 

Abniptlj  pinnaM,  KB. 

Acanthocea,  453. 

Acanthni  Faniilj,  4S3. 

Acan1esc«nt ;  ipparendj  itenlera,  94. 

AcMWorr  bads,  100. 

AccreBcenc,  389. 

Accnmbeni,  335. 

AceroM ;  needle-ihqied,  m  the  Imtw 

of  Juniper. 
Acheniam,  336. 
AchlamjdMiiu,  M4. 
AcTogenoQg  plant*,  74,  601. 
Acrogens,  T4. 

Aculeate;  armed  irithpridllM. 
AcnleolaM ;  anned  wito  Utile  pricklM. 
Acnminale,  168. 
AcQte,  167. 

Adder^a-ton^e  Fanillj,  S03. 
Adnata,  359,  393. 

Adnation,  246,  398. 
AdTGDliliom  buds,  100. 
AdveDtitioEu  roots,  67. 
Aerial  roou,  87. 
.XsCiTation,  378. 
Air  cetU,  94. 


«s,  54. 


Air  plan 
Aln,36l. 
Alal«,  173. 
Albamen,  319, 38S. 
Albornam,  139. 
Al^«,  SIO. 


Aftaloldi,  ei. 
Almond  Family,  430. 

AlBinea,  400. 
Alternate,  140,  !4I. 
Alteniat*  learea,  143. 
AWeolaie;  honej-combed. 

Amaiantacete,  470. 
Amuanih  Family.  470. 
AinsryltidacCB,  4M. 
Amaryllia  Fanuly,  494. 
Anient,  318, 

Amentacmu  trees,  919. 
Amnioe,  919. 
Amphigasiria.  SOS. 
Amphitropons,  3 1  a. 
Ampiexiual ;  cla«|HD;. 
AmygdaleK,  4S0. 
Amyridftce*,  411. 
AnuardlsceiB,  411. 
Anaatomoaing,  161. 
AnatroponB,  311. 
Andpital ;  lwo-odg«d. 
Andracinm,  238,  289, 
AndrogTiioiu,  377. 
AngiOTpermia,  360. 
AngiiwpernniQS,  364. 
AngioapenDODs  plant*,  STI. 
Angular  diTeTgence.  143. 
Anuomeroaa,  370. 
Aunnal  lajeia,  113. 
Annual  roots,  85. 
Annalar  dncts,  50. 
Annalna,  905. 
Anonacea,  388. 
Anophytes,  379, 504. 
Antenor,  343,  398. 
Anther,  338,  391. 
Anihetidia,  S40, 50S. 
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Ajithed*,  IS  I. 
Anlhoorpoiu  fniita,  31S. 
Anthocerotes.  506. 
Antbopbore.  377. 
Apetala,  364,  S7S. 
Ap«Uloa*,  9U. 
ApeUlcnu  planti,  4S9. 
Apoctfpoiu,  300. 
ApocrnMetm.  Mi. 
Apopo/fi*,  SOB. 
Apoihedk,  &0B. 
AppretMd ;  l^ins  flU  ngslntt. 
Aqniibliacete,  447. 
AnccB,  488. 

Anchqcnd ;  with  oobwebby  bain. 
Anli«cen,  433. 

AreolaMi  divided iolokognluipBCM. 
Aril,  331. 
Ari]Iiia,331. 
Ariitste ;  with  hi  Bwn. 
AriitoiocbiaceB,  468. 
Arnm^ment  of  leavea,  140. 
Arroir-headed,  164. 
AiTDWToot  Familj,  493. 
Anicnlated,  168. 
"  178. 


Anifldil  iTitaTii,  864. 
ArtocwpME,  482. 
Aram  Ftmily,  4BB. 


Aicending  axit,  93. 

A«cendinf(  radicie,  333. 

Aacidift,  173. 

Aiclepiadocen,  463. 

A«ciu,508. 

AMimilBtion,  ai,  194. 

AunrgcDt;  obiiqnGly  accendii^. 

Atropooi,  31 1 . 

Angmentalioil,  349. 

AnrantiBcen,  409. 

AuricalUe ;    eared,  with    two  roaod 

lobe*  at  diB  haw. 
Aatomaiic  inovemenls,  353. 
Awn ;  a  briatle-like  appeoilagt. 
Axillary,  239. 
Axiliarj  buds,  98. 
Axil  or  infloTCBcence,  319. 
Baccal« :  beny-like. 
Balaam  Family,  408. 
Balsam ifl an,  463 
Balaaminaces,  4DB. 
Balsams,  300. 
Banana  Family,  493. 
Banded  dacts,  49. 
Banner,  361. 
Barberry  Family,  3SB. 
Bark,  118,  137. 
Baaidia,  SIO. 
Bnsaorin,  99. 
But  ttisne,  46. 
BMTd«d ;  with  •  toft  of  bain. 
BeUwort  FMnilr,  444. 

44 


B«iit,  IS). 
BerberidaccB,  38S. 
Berry,  337. 
BetalaceK,481. 
Biennial  rooti,  SB. 
Bifld,  166. 

Bifoliate  ;  with  two  leafltU. 
Biltarcatei  two-forked. 
Bignoniacec,  493. 
''Innonia  Family,  463. 
lifabiate,  361,  388. 
Bilocalar,  303. 
Binale,  170. 
Bipinnate,  170 
Bipinnatifid,  167. 
Birch  Family,  480. 
Birdiwort  Family,  467. 
BiMxnal,  364. 
Biumata,  170. 
Bixacen,  398. 
Bladder-nat  Familr,  41S. 
Bladderwort  Family,  451. 
Biade,  197,386. 
Rloodwort  Family,  493. 
Bloom,  156. 
BoliTaiin,  463. 
Borage  Family,  456. 
BoraginaceB,  456. 
Bothrenchyma,  4S. 
Bracbiatej  with  opposite  ipreading 

brancbu. 
Biacteolei,  331. 
Bimctlets,  331 . 
Bracts,  151,  316. 
Branchei,  98. 
Bianchleti,  99. 
Bread-fmit  Family.  483. 
Breaihing-porea,  197. 
Bristles,  95. 
BromeliaceB,  493. 
Broom-Rape  Family,  451. 
Backbean  FamilT,  463. 
Bnckthom  FamiW,  414. 
Buckwheat  Family,  470. 
Budding,  33. 
Buds,  99. 
Bulb,  110. 
Balhleta,  110. 
Barmanniaceo,  491. 
Barsei«c«iB,  411. 
Bntomaeete,  491. 
Byttneriacea,  403. 


Cadacou;  falling  offearlf. 
CasatpineK,  418. 
Csspitose ;  forming  a  tufL 
Calcarate,  396. 
CailitrichaceN,  476. 
CalycanthaceB,  433. 
Cal;ciUal« ;  with  an  oaier  calyx. 
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CalTptr*,  505. 
Calyx,  337,  363,  385. 
Csmbiam,  131, 
CunbiaTii  Isjer,  131. 
Cam  pans  lsi;e[e,  444. 
Campanula  Family,  4M. 
Campanulale,  SST. 
CampTlotropoaa,  311. 
Canahcalate ;  channelled. 
Caneicenlj  whitened  vriih  cloM  hail's. 
Cannabiaea.  463- 
CannaccK,  493. 
Caontchoac,  97. 
Cap.  509. 

Caper  FuntI;.  394. 
Capillarj ;  hair-like. 
Capitalnm,  319. 
Cappandu^eiE,  394. 
Caprifoliarec,  43  &. 
CapsDie,  33»,  5US. 
Carina,  361. 
Carinate;  keeled. 
Carpel,  300. 

Carpet-weed  Familj,  401. 
Caipidinm,  31)0. 
Carpophore,  377,  SS7. 
Canindc,  331. 
Carjophf  ilaceie,  399. 
Caryophjllaeeong,  387. 
Carroptu.  337. 
Ca-thew  Famitj,  411. 
Calkin,  SIS. 
Cat-tail  Family,  489. 
Caudate  ;  with  an  appendage  or  pro- 
longation like  a  tail. 
Candex,  104. 
Caaline,  150. 
Cedrelacem,  406. 
CelaitraceiB,  414. 
Cella,  34,  338. 
Cellnlar,  1 53. 
Cell  alar  envelope,  119. 
Cell  alar  plnntd,  73,  373. 
Cellular  tlruoture,  33. 
Cellalar  tissue,  34. 
CelluloM,  38,  196. 
Centrifuital,  333,  226,  335. 
Centripetal,  213,  336,  335. 
Ceratophjllar«B,  476. 
Chair,  336,  441. 
Chalaia,31I. 
Characee,  510. 
Characlers,  363. 
Chara  Famil; ,  SIO. 
Cbenopodiaces,  469. 
Chickweed  Family,  400. 
Chlotophjll,  60,  194. 
Chlorospermete,  511. 
Chorosii,  346,  219. 
Chloriiis,  335. 
Chromule,  61. 
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Cilia,  909. 

Ciliaie ;  the  margin  fiisged  with  hun. 

CiDcbonee,  438. 

Cinenchyma,  53. 

Circinate,  339. 

Cirdnnale,  151. 

Circulation  in  celU,  33. 


CiFcumacription  ;  the  general  onlliiM. 

Cirrhoae;  furnitbed  witti  lendrila. 

Ciitacen,  397. 

Clauea,  369. 

Clatuilicatlon,  15.  357. 

ClaTaie  ;  club-shaped. 

Claw,  378,  386. 

Cleft,  166,257. 

CInb-Mou  Familr,  fi03. 

Clnsiacev,  398. 

Coalescence,  346,  256. 

Cocci,  323. 

Cocoa-plum  Famitjr,  4S0. 

Coheiiou,  3S8. 

Colli  in  cells,  42. 

Cotchicum  Familj,  496. 

Collateral  chorisis,  350. 

CoUectiTe  fruits,  338. 

Colored,  963. 

Columella,  334,  4*7. 

Column,  484. 

Coma,  330. 

Commeljnaretr,  498. 

CominiKaure,  33T. 

Complete  flower,  327,  339. 

Composite,  440. 

Composite  Famiij,  440. 


Com, 


>and  ct 


231. 


Compoand  Bowen , 
Compound  leaves,  168. 
Compound  organs,  64. 
Compound  pistil,  301. 
Compound  raceme,  991. 
Compound  spike,  991. 
Compoand  umbel,  991. 
Compressed ;  flattened  laterally. 
Concentric  lajere,  113. 
Conduplicaie,  384. 

Conremiminate,  336. 

ConifsriB,  484. 
Conjugate;  in  pain. 
Conjugation,  69. 
Connate,  359. 
Conuale-perfoliate,  174. 
Connective,  391, 

Connivent;  converging. 
CoQstitaenta  ofplants,  183. 
Contorted,  383, 
Convolole,  151,381,983. 

Convolvnlaceo,  459. 
ConvolTulBs  Familr,  499. 
Cordate,  164. 
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CoriacMQi :  leathery  Id  HxUm. 

Corkj  envelope,  119, 

Corm,  109. 

Cormophvie*,  73, 373. 

Conniu,  i09. 

Conures,  433. 

Coniel  Fsmily,  433. 

Comeoiu,  33^. 

Corolla.  32B,  !BG. 

Corrugate,  !T9. 

Corymb,  217. 

CorjniboM ;  in  coiymba. 

Coiuie ;  rilibed. 

Cotjledom.  77, 151,  317. 

Cranftibill  Family,  «07. 

Crasaulacea,  139. 

Cremocarp,  336. 

Cieoaie,  166. 

Crowlierty  Familv,  478. 

Crowfoot  Family,'  3B4. 

Crown,  aB9. 

Cruciate,  3S7. 

Crucifem,  393. 

Cnicifonn,  387. 

CraJe  aap,  56, 194. 

Cnitnpleil,  379. 

Cryptof^mia,  366. 

Cryplogamooi  plonM,  74,  339,  501. 

CryBtals,  63. 

Cncallaie;  hooded. 

Cacnllifonn,  SOS. 

Cocarbitaces,  438. 

Culm,  104,491. 

Caheaie ;  see  Cuaeiibn]). 

CuDeirorm,  163. 

Cap,  278. 

CupreuinciB,  484. 

CapnlircriK,  479. 

CDrTinerved,  163. 

Cutcnlinea,  461. 

Ciupidale ;   lipped  with  a  abarp  and 

MroDg  point. 
Cimtard' Apple  Family,  38S. 
Cuticle,  156. 
Cypadares,  485. 
CycasFamilv,  4B5. 

Cycle,  143. 

Cyclosifl,  511. 
Cyme,  323. 
Cymules,  333. 
CyperacpB,  49S. 
CyprcBg  Fainil},  484. 
Cyloblast.  a8. 


DecR 


a,  363. 


DecagynooB,  i^.. 

Decandria,  365. 

DecandrODi,  29D. 

Deciduonn,  175,389. 

Declined,  291. 

Derompoand.  170. 

Decumbent;  lying  on  the  ground. 

Decnrrent,  172'. 


DMonblement,  353. 

DedDplication,  346,  349. 

Definite,  309. 

Definite  inflore«ctare,  S3S. 

DehiKence,  393, 3:23. 

Dehiacent,  333. 

Deliqaeacent  items,  101. 

Deltoid ;  with  a  triangnlar  ontliM. 

Demened  ;  ander  water. 

Dentate,  166. 

Depreuisd  ;  flattened  Tertically. 

Deacending  axia,  SO. 

Deaoending  radicle,  339. 

Deacriptiye  Botany,  IS. 

Deemidieee,  511. 

Deierminaie  infloreacence,  S3S. 

Derelopment  or  cella,  36. 

Deielopraent  of  the  embryo,  77. 

Development  of  leavea,  160. 

Dciirine,  59.  197. 

Diadelphia,  358. 

Diadelphoos,  257,  S»a 

Diandria,  357. 

Diandroiu,  290, 

Diapenaiacem,  458. 

Diatomacete,  512. 

DichondreK,  460. 

Dichoiomoua ;  aoccetaivelT  forked. 

Diclinona,  264. 

Dicoccoei,  323. 

DicolyledonoQS,  334. 

Dicotyledon ouB  planta,  114,  379. 

DicolylcdonoUB  stem,  114. 

Didvnamia,  3G5. 

DidVnamous,  271,290. 

Diffaae )  loosely  apreading. 

Digynia,  368. 

Digynons,  297. 

Dimerona,  240. 

Dimidiate,  293. 

Dicccia,  398,  369. 

Diceciooa,  266. 

DioacoreaccK,  495. 

Diphyllona,  289. 

Diploilemona,  367. 

Dipaacea,  440. 

Diplerocai^a^  404. 

Diacoid,  441. 

Diaepi^oua,  285. 


Distinct,  358,  278. 

Divaricate;  very  widely  apreading. 

Divided,  166. 

Dodecagynia,  368. 

Dodecandria,  369, 

Dodecandroaa.  !90. 

Dogbane  Family.  463 

Dor«el  antare,  298, 309. 

Dotted  ducti,  39,  48. 

Doable  fiowen,  234. 


,y  Google 


IIIDEZ   AKD  OLOSSAtr 


DiMencMB,  396 

BrnpacMQs,  336. 

Brnpe,  3S5. 

Duck-weed  FhhUj,  «BB. 

Dacti,  48. 

Daramea,  I!M. 

Dnrmiioo  of  lekvee,  ITS. 

Earthy  coDititaenti,  189. 

Ebenacen,  447. 

Eborij  Family,  447. 

EchinaU ;  clothed  with  prickles. 

Elaborated  lap,  SB. 

Elatera,  SOS. 

EladnacoB,  899. 

EleagnaccK,  473. 

Elliptical,  163. 

Elm  Family,  474. 

Emarginate,  KB. 

Embryo,  77,  817,  333. 

Emhrjoiial  veaicle,  316. 

Embiyo-MC,  315. 

Emened ;  raised  oat  of  water. 


Endocarp,  3S3,  SSS. 
EndogenoQi  plaati,  4BS. 
Endc^DOQi  atmcture,  114. 
Eadogena,  114,  129. 
Endophlanm,  119. 
Endopleara,  330. 


1,65. 


Eodoapenn,  331. 
Enneagyiila,  3BB. 
Enneandria,  36S. 
Enneandrou.  998. 
Entirt,  165,  !se,  sse. 
EpacridsceK,  447. 
Eplearp,  399. 
Epidermal  tyit 
Epidermii,  6S, 
Epifcyiioiu,  969, 190. 
EpiphlKQm,  119. 
Epipbylea,  89. 
Epiipenn,  399. 
Eqauetacew.  SOI. 
EqnilaDt,  ISS,  171. 
El«ct,309. 
EriMcea,  444. 
EHcineK,  44S. 
Erii;oMB,  471. 
EriocBulonaceB,  4S8. 
£a«enii«l  oili,  S7. 
Eweniial  oi^ani,  9SS,  219. 
Eapborbiacee,  477. 
Erenin^-IN^raroM  Family,  4S4. 
Evolalionoffaeal,  SI2. 
EiuJbaminoiu,  333. 
Exl^eatric,  33S. 
Excnrreot  atemt,  101. 
Exhalation.  179. 
Exocarp,  329,  S2S. 
Exoftenona  plann,  371. 
ExogenoM  item,  114. 


Exogenooa  MmctnC)  114. 
Bxogeiw,  114. 
ExoamouB,  34. 
ExMrted,  991. 
Exatipnlaie,  179. 
EiMnor,  92T. 
Exiine,  396. 
Extra-axillary,  135. 
Extrorae,  993. 
Falcate ;     icytbe-ibqied, 

bent  to  one  aide. 
Faltely  ribbed,  167. 
Familiea,361. 
Farina,  67. 
Farinaceoua,  S3S. 
Fascicle,  334. 
Faicicled,  16a 
FagttgiaMi  leTel-topped. 
FaToae ;  deeply  pitted. 
Feather-TMoed,  161. 
FecDia,  ST. 
Fena,  493. 
Fertile,  264 
FertiliiatioD,  313. 
Eibrila,  89. 
Fibroiu  roou,  85. 
Fibro-TiicDlar  iTttcm,  54. 
Fibro-raacnlar  tluoe,  M. 
Figwort  Family,  445. 
Filament,  99B,  991. 
Fi1i<:ei,3ei,60l. 
Filiforra  ;  thread-like. 
Filifbrtaly  disaected,  16S. 
Fimbrial*;  fringed. 
Fir  Family,  484. 
Fire-ranked,  143. 
Fixed  oila,  60. 
Flabellilbnn ;  ftn-ahaped. 
Flax  Family,  406. 
Floral  enTelopea,  197,  ITT. 
Floral  leaves,  191,916. 
Floret ;  a  amall  or  imper&ot  flower. 
Flower,  327. 
Flowering,  909. 
Flowering  plants,  75, 379. 
Flowerleaa  plants,  74, 339,  MI. 
Folded.  151. 
Follaceont,  497. 
Follicle,  32S. 
Food  of  plant*,  iei,IS3. 
Foramen,  310. 
Forcing,  914. 
Formation  of  eella,  IT. 
Forms  of  learei,  16a 
Fovilla,  996. 
Free,  159. 

Frog'a-bit  Family,  491. 
Frondoae,  49T. 
Fronds,  493. 
Fmit,  330. 


Famariace«,393. 
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Fnmttoiy  Fainily,  393. 
FundHmental  orj^aiit,  79. 
Tangi.  369.  508. 
Fan  i  coins,  309,  330. 
f  nsirbriD  ;  spiadle-abaped,  89. 
Galea,  2S8. 
Gamopetalie,  3TB. 
GamopetaloaB,  356. 
GamopeuIoDS  planu,  434. 
Gam  oph;  lions,  27S. 
Gamoiepatoni,  256. 
Geminaie ',  in  paira. 
GemmaiioD,  32. 
Genera.,  3G0. 
Generic  character,  363. 
Gentian  aces,  462. 
Gentian  FamilT,  4e8. 
Genu     — 


,360. 


Oermen ;  ihe  old  name  fiw  Iho  ovary. 

Genninal  veside,  317. 

GenninatiOD,  336. 

Oesneriacee,  452. 

Gibbous;  enlarged  on  one  aide. 

Gills,  909. 

Ginger  Family,  492. 

OlabrouB ;   imoolb,  withoat  pnbM- 

Glands,  99,  367. 

Glanilular ;  tatoiiheA  wiih  glAndi. 

Glandular  faaira,  59. 

Glauconi;    covered   with   a   grayish 

wIiitB  powder,  or  bloom,  that  mb« 

off. 
Glomemie,  224. 
Glossology,  19 
Glamareons ;  glume-like. 


Glun 


I,  409. 


Gluten,  202. 
Gonophore,  277. 
Gooseberry  Family,  426. 
Goosefoot  Family,  469. 
Goard  Family,  428. 
Graminec,  499. 
Gn«9  Famitv.  499. 
Green  layer,  119. 
GroBsolaces,  427. 
GuUa  perch  a,  97, 
Guttifem,  39  B. 
Gymnospermia,  368. 
'   Gymnospermoni,  309,  S79. 
Gymnospermous  plann,  484. 
Gynacium,  328,  306. 
Gyoandria,  366. 
OjQandroas,  290. 


Oynophop 
Hemodor 


,277. 


Hemodoracen,  4 
Hairs,  99. 
Halberd-shaped.  164. 
Half-equiUDt,  193. 


Haloragoe,  42S. 

HamamelacsB,  431  ■ 

Hastate,  164. 

Head,  218,  219. 

Ueart-shapcd,  164. 

Heart-vood.  124. 

Heath  Family,  444. 

Helicoid,  225. 

Helmet,  288. 

Hemicarp,  327. 

Hemp  Family.  4B9. 

HepaiiCK,  909. 

Heptagynia,  368. 

Heplagynous,  297. 

Heptandria.  369. 

Hepundroiu,  290. 

Herbs,  103. 

Hesperidiam,  327. 

HeterogamoQs,  277, 433. 

HeierotropouH.  313. 

Hexagynia,  368. 

HenagynODS,  297. 

Hexandria,  369. 

HexandroDs,  290. 

Hexapfaylloos,  289. 

Bexasepslous.  289. 

Hilam,3ll,330. 

Hippocaslanacea,  413. 

"irsnte;  clothed  with  coane  ipread- 

ing  bain. 
Hispid ;   clothed  with  rigid  hairs  or 

Holly  Family,  447. 
Homogamous,  277,  441. 
Homologous,  230. 
Honeysnckle  Family,  439. 
Horizonlal.  309. 
Homwort  Family,  476. 
Horse-tail  Family,  501. 
Hybrids,  352. 
Hydrangec,  431. 
Hydrangea  Family,  431. 
Hydrocharidai^s,  491. 
Hydroleacea,  498. 
llydropbyllaceB,  497. 
Hydropterides,  903. 
Hymeninm,  909. 
HvperiracMe,  398. 
Hypocraierifoni),  388. 
Hypogsons,  338. 
Hypogynons,  299,  290. 
Icosandria,  369. 
IllerebreB,  400. 
Imbibition,  34. 
Imbricsled,  152,  ISO. 
Imbrica^ve,  279. 
Impari-pinnalA,  169. 
Incised.  166. 
Incisions,  169. 
Included.  291. 
Incomplete.  263. 
Incambent,  392,  333. 
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Indefinite,  949, 309. 


Indiui-Cren  Funilj,  406. 
Indian-Pipe  Funil;,  44ft. 
IsdiTidusI  plant,  64. 
Individual*,  30,  349. 
Indaplinie,  Hi,  379. 
Induiam,  S03. 
Inferior,  S43,  !6D. 
leferior  radicla,  339. 
Inflexed,  151. 
Infloreicence,  IIB. 
Inrondibalifonn,  SST. 
Innate,  393. 
Inner  bark,  119. 
Inner  latare,  39S. 
Infensd,  939, 
Inaertion,  Ul,  fiS9. 
Integnmenta  of  the  loed,  339. 
Inlerccllatfr  pauagea,  54. 
Inlercellnlar  apacci,  34. 
Iniercellalar  •78teni.  64. 


Internal  glands,  54. 
Intemodea,  94. 
Intetpetiolar,  ITS. 
loierrapEedlj  pinnate,  169. 
Inline,  £96. 
InirafoUaceDn*,  ITS. 
IntrorM,  393. 
Inaline,  198. 
Involacel,  331. 

iQTOlaeellata;  with  an  inrolncel. 
loTolacrate;  with  an  involucre. 
lOTOlacre,  319,  495. 
Involaie,  151,  384. 
IridatWB,  494. 
Irit  Familj,  494. 
In«galar,  360,  370, 
Irregnlarit;,  346,  360. 
iMelinen,  503. 
laoniQric,  198. 
JatininaceB,  464. 
JesMraine  Fainilr,  464. 
JnglandaceB,  479. 
JaQcacev,  497. 
Jancagines,  490. 
JangermanniacoBi  506. 
KeeT,  361. 

Kidnej-Bhaped,  164. 
Enawel  Familf ,  401. 
Knolwort  Familj,  400. 
Xrameriacea,  417. 
Labellum,  3S9. 

^   Labiate,  388. 
Labiate  Famil;,  455. 
Lahiatiflone,  441. 

Laciniaie;  cut  into  IcTegalarmdiiona. 
LameUB,  509. 


Lamina,  IS!,  386. 

I«Ilate;  woolljr. 
I«nceolate,  163. 
LalenU,  39a 
Lateral  hnda,  98. 
Laticifuroni  tiuoe,  I5X. 
LaDT*c«a,  471. 
Lauicl  Familj.  4T1. 
Lead  wort  FaniilT,  450. 
Leafleta,  168. 
LeaAtaJk,  ISS,  ITL 
Legnme,  339. 
L«gumine,  303. 
Legnminoue,  417. 
LemnarcB,  489. 
Leatihulacea,  4SI. 
Lepidote,  55. 
Lib«r,  46,  119. 

LiFhen*.  607. 

Lid,  505. 

Life,  SI. 

Lignlne,  37, 199. 

Li^nlsle,  441. 

Ligule,  1T3. 

LiKDtiflorvi,  44L 

Litiacen,  495. 

Liliareoas,  387. 

Lily  Family,  49S. 

Limb,  153,386. 

Limnanthocee,  409. 

Linacem,  406. 

Linden  Familj,  409. 

Linear,  163 

Line  of  dehiBcence,  39S. 

Linnaui  ijstem,  364. 

Liverworts,  SOS. 

Lizard-tail  Familj,  475. 

Loiaiietm,  437. 

Lobed,  166,  3S7. 

Lobeliaren,  443. 

Lobelia  Familj,  443. 

Lobes,  169,386. 

Locali,  .102. 

Local  icidal,  334. 

Logan  ie»,  438. 

Lament,  335. 

Lomentaceoos,  33S. 

Longitadinal  a^Iem,  S3,  113. 

Longitadinal  tuane,  48. 

Looiestrife  Familj,  434. 

Loranthacete,  474. 

Lnnate ;  croKcntshaped. 

Lanalate ;  diminatife  of  lonatB. 

LjcopodiacoB,  503. 

Ljrate,  166. 

Ljrateij  pinnate,  169. 

LjthraceE,  4S4. 

Madder  Familj,  437. 

Magnoliacea,  385. 

Magnolia  Familj,  385. 

Mofrnoliem,  3B9. 

Mahoganj  Familj,  406. 
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Hallow  TmmWj,  409. 
UalpighiaceB,  413. 
IhlTacec,  408. 


Fig-Muigold  Fanilr,  409. 
Uwrilen,  503. 
MaBked,98e. 
Hednllary  raji,  119. 
Hedallsiy  ibeatb,  lit. 
HelaootperrnHB,  SIl. 
MelBntliac«B,  4M. 


w,4S4. 
Halimces,  405. 
UnDbmuceonj,  {  of  tite    Mxtnre 

MembimDons, 


HcDjinibideB,  451 
UBFenchjmB,  43. 
Hericarp,  397- 


Herophlnnm,  119. 
Hetamorphoaed  Imtm,  S&T. 
Meuunorphoti*,  333. 
HaereDin  Familj,  479. 
Uicropjle,  310. 
Uidrib,  163. 


HimoiK,  418. 

Hiot  Familj,  455. 

HiiUeloe  Family,  474. 

Uitrirann,  506. 

Hock  Orange  FamUj,  431. 

Hodified  learei,  237. 

UollDEiDCK,  401. 

Uouadeiphia,  365. 
Honadelphoiu,  357,  990. 
Uonandna,  365. 


Uoncicatyledonoiu,  334. 
HonocotjiedoDoiu  plBDU)  114,485. 
HontBcia,  356,  369. 


Hont^MiiiE,  369. 
HoDogf  Dia,  368. 
KooogjatMt,  997. 
UonopetalB,  375. 
HonoptlaloQi,  SS6. 
Honi^taloiu  plaati,  434. 
UooophTllou,  S85. 
256. 


UoDitroiu.  233. 
Uoonseed  Family,  387. 
Uona,  483. 
Hotphokigy,  14. 


I6B. 

Malbeny  Familj,  48S. 
Uulufld,  166. 
Hullitoratar,  303. 
Mnltipte  fruiU,  338. 
Haiti  plication,  345. 
Unliiplication  of  cella,  SR. 
Uaricale ;  clothed  with  iboit  and  hud 


HnKi,  369,  S04. 
Hnihroomi,  508. 
Unitard  Familj,  398L 
Uycclinm,  508. 
Uyricaccw,  480. 
HyrimicaccM,  387. 


Uynin. 


>,44S. 


ryrtaceas,  433. 
Uyrtle  Familj,  433. 
Kaiadacen,  490. 
Kapiform ;  tomiiMifaaped,  I 
Kuinrtiam  Famitj,  408. 
NataDi;  iwimming. 
Natural  ijsUm,  369. 
NavicnlBTj  boat-ahaped. 
Nectaries,  375,  389. 
Nelumbiacen.  390. 
Nelombo  Familj,  390. 
Nerved,  161. 
Netted -veined,  161. 
Nettle  Familj,  483. 
Nentrol,  433. 
Ni|;hlibade  Family,  401. 
Nodes,  94. 
NomenclatDre,  375. 
Normal ;  agreeing  with  ihi 

Naclea>,a8,3IO,3». 
Nacales ;   little  nnt*,  or  D 

docarpi. 
Nnt,  327. 

Natrition  of  plaota,  IBI. 
Nycla«inacen,  469. 
NjmphcBcen,  391. 
NyaaaceK,  473. 
Oak  Family,  479. 
Obcordate,  168. 
Obiiqne,  170. 
Oblonft,  163. 
ObolarietB,  469. 
Obovaie,  163. 
Obtiue,  167. 
ObTolule,  1S3. 
Ochnacea,  410. 
OcUDdria,  365. 
Octaodroiu,  390. 
Octc^'Dia,  368- 
Octogjnona,  397 
OffMt,  105. 
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OleaccM,  «6S. 

Oleuler  FamD;,  4TS. 

OnagnccB,  4JM. 

Opercnlam,  SOS. 

Oppoied,  !4I. 

Oppoiile,  110. 

Onnge  Famitj,  409. 

Orchidaceie,  IHI. 

Orchi*  Fftmilf,  491. 

Orders,  361. 

Ordmal  charKtcr,  ses. 

Ordinary  leavei.  151. 

Organic  conitiloenu,  184. 

OrgsDiution,  17. 

Organ  oi^ny,  377. 

OrganoKraphj,  14. 

Orgaiu  of  ptanu,  64. 

Organ!  of  reproduction,  79,  WW. 

Otvant  of  T^uiion,  7S,  70. 

OriKinorthewood,  ISl. 

Orobani-haccn,  43 1 . 

Orpine  Funilj,  429. 

Orthotropoui,  SI  1 . 

Otmnndinea,  503. 

Ottur  intnTe,  »S. 

Oral,  163. 

Ovarf,  339,  297. 

Ovate,  1G3. 

Onilea.  lb,  239,  299,  309. 

OTDliferoiu,  30S. 

Oxdk  acid,  61. 

OxalidHCte,  406. 

FalMC,  2SS. 

Falea,  220,  441,  499. 
Falroau,  167. 
Palmalelj  cleft,  167. 
Palmaiel;  diiided,  167. 
Pal  mate  I J  parted,  167. 
Palmaiely  veined,  163. 
Palmec,  487. 
Palma,  4S7. 
Fuick,  331. 
FapBTcraceD,  891. 
Papayace*:,  428. 
PapilianareiB,  41T. 
Fapilionareon*,  260,  287. 
Pappus,  3(3.  336. 
Farallel-v«ined.  161. 
Farapbyau,  505. 
Panuiiea,  90. 
Fw-Miiic  plsnu,  90. 
Parenchyma,  43. 
Parietal,  3U3. 
Parietal  plac«ntalion,  302. 
Fama«i»'(e,  397.  & 

Fanley  Family,  431. 
Farted,  166,337. 
Partial  petiole,  170. 
Paiaifloraveie,  437. 
Paasion-flower  FaaiU7,49T. 
Feai  Family.  431. 
FSctiDaie,  16«. 
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Pectlne,  69. 
PedMe,  167. 
Pedicel*,  21 S. 
Peduncle,  315, 21«. 
Peloria,  288  • 

Pelwie,  164,312. 
Pendulous,  309. 
Peniadelpboiu,  290. 
Peniagynia.,  368. 
Pentagvnoai,  297. 
PenuiDcrotu.  241. 
Penundrio,  365. 
Penlandrooa,  290. 
Feauphylloui,  285. 
Pentuepalooi,  285. 
Pentutichons,  143. 
Pepo,  337. 
Peppw  PamiW,  476. 
Pepperwort  Family,  503. 
Perennial  roots ,  86. 
Perfbliale,  174. 
Perianth,  228. 
PerisnthiDm,  328. 
Pericarp,  330. 
Perichffital,  505. 
Perigonial,  506. 
Perigonium,  338. 
Perigynous,  359,  290. 
Periipenn,  331. 
Peristome,  505, 
Permeability,  34. 
Peniilent,  176,389. 
Personate,  388. 
Femvian  Bark  Family,  438. 
Petaloid,  263. 
Petals,  328. 
Petiole,  152.171. 
Fetiolula,  170. 
Petiolulale,  170. 
PliBDOgamoas,  379. 
PhKnogamooB  plants,  75, 371. 
Philadclphev,  531. 
Fhrymacev,  455. 
Phylla,  285. 
PhyllodiB,  172. 
Phyllodinm,  173. 
Phyllouxii,  140. 
Physiological  Botany,  14,  IT. 
Phytolaccaceee,  468. 
Phytons,  139. 
FhytDioa,  42. 

Pickerel-weed  FalnilT,  494. 
Pileas,  493. 

Pine- Apple  Family,  493. 
Pine  Family,  493. 
Pink  Family,  399. 
PinoB,  170. 
Knnate,  168. 
Pinnstcly  cleft,  166. 
Pinnalely  diiided,  166. 
I^nnately  parted.  166. 
Pinnalely  orifoUidaie,  169; 
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7  Trined,  lU. 
PiDiMtifid,  1 66. 
PiperaceB,  474. 
Pipewort  Pamilj,  498. 
Kititlate,  S64. 
PutJI1idia,341,504. 
Ilitili,  SSS.  2>7. 
Ktcbeim,  173. 
Pith,  116. 
Pitted  ^une,  48. 
Placenta,  300. 
PLaccntation,  303. 
PIuled,151. 
Plane-tree  Familv,  463. 
Plantaginacen,  449. 
Plantain  Familv,  449. 
Plantleti,  139. 


Plnmbaginacea!,  450. 
Flam  Family,  490. 
Flnmnie,  334- 
Podospenn,  309. 
PodmtemaceB,  477. 
Pointed,  168. 
PokBweed  Famny,  46B. 
Polemoniacec,  498- 
Polemoninm  Fkmily,  498. 
Fi>Uen,838,  S9I,  S99. 
PolUnia,  £99,  49S. 
Poljadelphia,  366. 
Poljadelphons,  257,  SBO. 
Polyandria,  397. 
Poljandroni,  949,  990. 
Poljcotyledononi,  336. 
Poljgalace«,416. 
Polygamia,  366. 
Polygamia  JCqnaliil,  368. 
Polygamia  Fnutranea.  369. 
Polygamitt  Neceuaria,369. 
Poljgamia  Begrecala,  369. 
Polygamia  Snpeilaa,  368. 
Polygamoni,  366. 
Polygonacen,  4T0. 
Polygynia,  368. 
Polygjnoni,  S9T. 
PolypelalK,  379. 
Polypetaloni,  S9T. 
Polype  talona  pi  and,  379. 
Polyphylloni,  SB6. 
Poly  pod  ineo,  90S. 
Polysepatona,  SS7,  aS6. 
Pome,  337. 
Pomes,  491. 
Pond-weed  Family,  490. 
Poniederiaeen,  496. 
Poppy  Family.  391. 
PoroDS  cells,  48. 
PorouB  ve»ela,  48. 
Portahracec,  401. 
Poiterior,  943, 998. 


.973. 
Pnefbliationi  151- 
Pricklee,  55. 

Prickly-A«b  Family,  409, 
Primary  udi,  916. 
Primary  root,  SO. 
Primine,  810. 
Piimonlial,  151. 
Primnlacea,  446. 
Pn>.embtTo,  841- 
Propagation  from  bndt,  108- 
Proper  jnicet,  57. 
Proeenchyma,  44. 
ProiectiDg  orgaiw,  129. 
Proleine,  98,  SOO. 
Protoplaem,  SOI. 
PalMFa)nUy,417- 
Panlane  Family,  401. 
Pntamen,  31S. 
FyroU  Family,  446. 
Fyole»,445. 
Pyxidiom,  8SS. 
Fyxii,  3S8. 
CJiMdraDgKilar,  309. 
QaillTort  Family,  603. 
Qaiaary,  841. 
Qninate,  169. 
Quinctindal,  143,  980. 
Qniaqnelocnlar,  309. 
Qaintnple-ribbed,  169; 
Quincopli.nerred,  163. 
Raceme,  317. 
Race*,  351. 
Rachia ;  lee  RhadiiB. 


Badiued-Telned,  168. 
Radical,  150. 
Radical  pedQnc1e,SS«. 
Radide,  77,  317,  394. 


Rameal,  160. 
Ramification,  98- 
Rannncnlacea,  884. 
Raphe ;  aee  Rhaphe- 
Raphidea,  69. 

Ray-Howwa,  or  nyt,  366, 441. 
Receptacle,  919, 139. 
Receptacleiof  aoCTetiona,  94. 
Reclinote,  151. 
Redoplicaie,  979,  984. 
Renilbrm,  164. 
Repand.  166. 
Rcplam,  SS4. 
Repradaction.  31, 99, 339. 
Raaedacee,  395. 
RaotofplanU,  313. 
Reticnlated  learea,  161. 
Redcnlated  dactt.  49. 
Reirograde  melamorphoaia,  134- 
R«trorae ;  bent  backwarda. 


!,  168. 


,y  Google 


INDEX  UtO  QI^BUBT 


RerolatF,  151. 
Rhichii,  !I6. 
Rhunnaces,  414. 
Rh^he,Sll. 
Bhatan;  Fun  Mr,  117. 
Khizanlh«s,  168. 
Khiioma,  107. 
Bhizophomcen,  434. 
Rhodoapermen,  S7I. 
Rhomboid ;  oval,  and  a 

ID  the  middle. 
Ribi,  153,  163. 
Ricciacen,  509. 


Ripening,  311. 
RiMof  tap,  179. 
Birar-wced  Family,  477. 
Rock-Hate  FamUy,  497. 


Root,  80. 

Rootlet*;  ramiacMioniortbero 

Rooutocli,  107. 

RoieFtniil;,  419. 

Rosiraie ;  beaked. 

Bostallaie  i  with  a  iinaU  beik. 

Roanluc ;  in  a  nxette. 

Rotate,  388. 

Babiacee,  437. 

Rndimentuj,  391. 

Bae  Family,  409. 

Bugcnei  wrinkled. 

Batni  Dated,  333. 

Bnncinate,  lee. 

Rnnner,  lOS. 

Rush  Family,  497. 

Rntareae,  409. 

Saccate,  3B8. 

Saeiuaie,  164. 

Salicacea,  481. 

Salver-shaped,  S8B. 

Salvinies,  503. 

Samara,  337. 

Sandal. wood  Family,  473. 

Santalacec,  473. 

Sap,  56,  194. 

SapinditccK,  413. 

Sapodilla  Family,  448. 

Sapolaceo,  44S. 

Sap-wood,  134. 

Sarcocarp.  333. 

fiairaceniaces,  391. 

Sanrnracea-,  47S. 

Saxifragarea-,  430. 

Saxifrage  Family,  490. 

Bcaloritbrm  dactn,  49. 

Bcale-tike  hain,  59. 

Scales,  433. 

Scaly  bads,  96. 

Scape,  236. 

Si^arioiu ;  dry,  thio,  and  colorle* 

SehizandreM,  386. 


Scleranthen,  401. 

Sclerogen,  37. 

Scorpioid,  235. 

SrrophulariaceB,  453. 

Scarf,  55. 

Seaweeds,  Sia 

Secondary  axea,  916. 

Secondary  rooti,  85.  87. 

Secondary  apirala,  145. 

Secund;   inmed  to  one  (ride,  aa  the 

flowen  of  lome  ipikea,  &c. 
Second  ine,  310. 
Sedge  Family,  498. 
Seed,  829. 
Seed-lGBTca,  77,  333. 
Segments,  166,  3S6. 
Seminal,  ISl. 

Sensitiveneu  of  plants,  SSI. 
Sepals,  S3B. 
Separated,  364. 
S^ticidal,  333. 
Seplifragal,  334. 


:,  453. 

a  Family,  45S. 
Sessile,  153,  SIS,  391. 
Seta,  55. 
Sheath,  179. 
Shield^haped,  164, 
Shmbi,  loa. 
Siens,  SOS. 
SireneM,  400. 
Silex,  63. 
Silicle,  SS8. 
Silicnlota,  868. 
Siliqne,  328. 


Silky  1    clothed   with   •  aluniDg 

Silrer-icrain,  118. 

SimambacetB,  410. 

Sinaale.  166. 

SJDOS,  163. 

Sleep  of  plaDU,  350. 

Smilacea,  495. 

Smilax  Family,  495. 

Soapberry  Family,  413. 

SolanaceB,461. 

Son,  508. 

Spadix,  318. 

Spalhe,  213. 

Spalnlale ;    oblong  or  obovaw,  ' 

the  lower  end  mncb  narrowed. 
Specisliied  cell,  53. 
Species,  31,358. 
Specillc  character,  363. 
Spermoderm.  329. 
Spiderwort  Family,  498. 
Spiielien,  439. 
Spike,  91B. 

Spikenard  Family,  433.  « 

Spindle-itM  FmdUj,  414. 
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_^.__K)  Tamiibed  wilh  tping*. 
Spira]  dDcu,  SO. 
SplnUly,  !80. 
SpinU  mRricinga,4I. 
Spiral  Tcueli,  SO. 
SpoDgioles  or  Spoagtlets,  82- 
Sporongis,  T2,  SOS. 
SpOTM,  69,  339,  SOI. 
Spore-cmiei,  7a. 
Sporidix,  SOS. 
Sporocvp,  003, 
Bporolea,  69, 508. 
Spur,  Ses. 
Sparge  F«tDily,  477. 
Sqnimellic,  or  Sqnamnln,  499. 
Bqauneltaie ;  bearing  small  acalea. 
SaaarTOM ;  spreBding  at  right  aiiglei 
ra  all  directioiii  from  a  common  axis, 
Slamens,  23S,  aS9. 
Staminace,  a64. 
StamiDodinm,  379. 
Standard,  261. 
StaphyleaccD,  415. 
Starch,  57,  198. 

Stellate ;  in  star^baped  nborli. 
Sieliaien,  437. 
Stem,  93. 
Sterile,  S64, 390. 
Stigma,  329,  9B7,  399. 
Siigmatic,  299. 
BligmatiferouB,  305. 

Slipe,  277. 

Slipeiiate,  ITS. 

Slipelles,  175. 

Slipes,  508. 

BHpiUle,  277. 

Stipulate,  179. 

Slipales,  174. 

Si  John's-wort  Famil;,  398. 

Stolon,  104. 

Sloloniferoas,  104. 

Slomates  or  Slomata,  55,  1 57. 

Slorax  Family,  448. 

Striate  {    marked    Tiih,   longitDdinil 

lines  or  stripei. 
Strobile,  329. 
Slrophiole,  331. 
Simcinral  BoiaoT,  14,  IT. 
Slmcnre  oT  the  flower,  230. 
SljlB,  229,  297. 
Sljracacee,  448. 
Sub;  a  prefiK  of  qaalifiratton ;  thai, 

■obcordate  means  slightly  cordate ; 

lobovate,  lomeirhat  ovate,  &c. 
Snbclusei,  362. 
Suborden,  362. 
Bnbgenem,  362. 
Sabolate;  avrl.ahapedi   tapering  to  a 

tharp  point  from  a  bnutder  base. 
BocculoM  i  bearing  nieken,  109. 


Sacker,  106. 

Snflhitetcent ;  tcarcelj  shnibbjj  lOS. 

Snfihiticose ;  nimewbat  ihmbbj,  103. 

Sngar,  60. 

SnFcate;  griMved. 

Sandeir  Family,  396. 

Stinfloirer  Family,  440. 

Superior,  243,  260,  339. 

Sapervoltttire,  284. 

Sappr«ssion,  246,  263. 

Snapeaded,  309. 

Snspenaor,  317. 

SnUire,  292. 

Sireet-Qale  Family,  480. 

Sweet-Onm  Family,  482. 

Symmetrical  flower,  238. 

Syncaipona,  2S8,  300. 

Syngenesia,  ?66. 

SyngeneaioQB,  2S7,  390. 

Srsiematic  Botany,  I5,3S7. 

lamarisdnev,  399. 

Tap-root,  84. 

TaxineB,  484. 

Tea  Family,  405, 

Teasel  Family,  440. 

Tendril,  109. 

Terminal,  225. 

Terminal  bad,  95. 

Terminology,  19. 

Ternate,  169. 

Temsirffimiace*,  405. 

Testa,  310,  329. 

Tetradjnamia,  865. 

Tctradjaamona,  290,  390. 

Tetragynia,  368. 

Teiragynoos,  397. 

Tctrandria,  365. 

Tetrandrotu,  290. 

Tetraphylloas,  2S9. 

Tetrasepaloas,  289. 

Thallophyles,  73,  373,  50«. 

Tliallus,  71,  373. 

Thecv,  29  {. 

Thecaphore,  277. 

Thorn,  105. 

Three-ranked,  142. 

Thymelaceat,  472. 

Thyraos,  222. 

Tilia<:eB,  403. 

Toothed,  166,257. 

Toothing!.  169. 

Toms,  829. 

Tracheie.  50. 

Trachenehyma,  49. 

Transverse,  312,  334. 

Trees,  104- 

Trisdelphoaa,  257,  S»a 

Triandria,  365. 

Tnandroos,  390. 

Tribes,  354. 

Tricoccoat,  333. 

Triad,  166. 
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Trig^nin,  3S8. 

Trternoiu,  2»7. 

Triniaceia,  4B5. 

TrilocaLkT,  302. 

Trimcroiu,  i41. 

TritedK,  369. 

TriphrllODi,  2S9. 

TripinMIt,  170. 

TripinnatiBd,  16T. 

Triple-ribbed,  161. 

Tripli-neired,  16S. 

TriHMlMu.  985. 

Triitichoiu,  H3. 

Triternate,  17a 

TrapBolacsB,  408. 

TrnncmLe,  168. 

Tabe,  378,  386. 

Tuber,  108. 

Tnbalar,  388. 

Tabaliflom,  441. 

Tufted,  130, 

Tnpelo  Funilj,  473. 

Torbiiuie ;  lop-ih*ped,  inTenel;  con- 

Tnrneracen,  437.  [ioL 

Two-ranked,  143. 

Tjpe,  329,  8S0. 

Trphacea,  4S9. 

OlmecelB,  474. 

Umbel,  317. 

UmbelleM,  331. 

Umbelllfers,  431. 

Vmbilicsu ;  depreued  la  llie  centra. 

Unanned ;  not  pricklj. 

llnciiikie  ;  hooked. 

tJndenhrabe,  103. 

Unnngete,  170. 
Uoilaunl ;  one-aidetU 
UaiiexaKl,  SE4. 
Unlining,  349,  353. 
TJilicaceat.  439. 
Urticev,  483. 
Utricle,  337. 
UTolarieB,  497. 
Tacciuien,  444. 
Vaginnla,  SOS. 
Vagne,  335. 
V^erianaceiE,  439. 
Talerian  Familj',  439. 
Valrate,  IBl,  SB4. 
Valrei,  333. 
Valvular,  284. 
Varietiei,  3S9. 
Taienlai-  plaDU,  73, 373. 
Vascolar  tisane,  48. 
Taiifonn  tiune,  48. 
Vegetable  acids,  fli,  200. 
Vegetable  dilution,  194. 
Vegetable  jeDj,  59. 


Tecetdde 
VeTnleM,  1 


incOag*,  60, 197. 


168. 
Veins,  153. 
Venatioii,  161. 
VentRj  gatore,  S9S. 
Vertniiacec,  454. 
VeroMion,  191,  379. 
VeiMtile,  293. 
Vertical  leave*,  170. 
Vertical  ayalem,  48, 53, 113. 
Verticil,  94, 141. 
Vertidlluter,  326. 
Vertidllale,  141, 2S6. 
Vervain  FamilT,  454. 
Veueli,  48. 
Vexillarr,  989. 
VexiUam,  2S1. 
Vibrttile  cilia,  355. 
ViUoDB,  or  VilloH ;  clothed  iriifa  l<»ig 

and  (haffgj  hair*. 
Viae  Familv,  415. 
Violacen,  395. 
Violet  Famil7,  395. 
Vitace«,  415. 
Volnble ;  twining. 
Volva,»08. 
Walnnt  Familj,  479. 
Waiei^leaf  Familv,  497. 
Water-Lilj  Familv,  391. 
Water-Pitcher  Familv,  391. 
Water-Plan  tain  Family,  490. 
Water-Shield  Family,  389. 
Wster-Starwon  Family,  476. 
Walerwort  Family,  399. 
Wax,  60. 

Wheel^haped,  338. 
Wborl,  94,  141. 
Whorled,  141,  336. 
Wbordeberry  Family,  444. 
Willow  FamJy,  481. 
Winged,  173. 
Wingi,  361. 
Wintereo,  486. 
Winler's-Bark  FamHy,  3S6. 
Witch-Haiel  Family,  431. 
Wood,  117. 

Wood-Sorrel  f'ainily,  408. 
Woody,  153. 
Woody  fibre,  44. 
Woody  tiune,  44. 
Woolly  J    clothed  with   long,  matted 

Wrapper,  508. 
Xyridacec,  498. 
Yam  Family,  499. 
Yew  Family,  484. 
Zanthoiylares,  409. 
Zingiberacea,  499. 
ZTgophyllacea,  408. 
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